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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  presents  s description  of  the  Closed  Cycle  Cooling  Water  Systea 
(CCCVS)  as  depicted  on  Fluid  Systea  Disgrsa  8270-1-S31-302-231,  Closed  Cycle 
Cooling  Water-Turbine  and  Compressor  Building,  and  Diagraa  8270-1-531-302-232, 
Closed  Cycle  Cooling  Water-HR/SR  Area  and  MHD  Bldg.  The  document  includes 
descriptions  of  systea  functions,  interfaces  with  other  systeas,  equipment 
and  piping  requireaients , design  criteria,  description  of  coaponents,  operating 
modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  CCCWS  is  designed  to  circulate  cooled,  treated  demineralized  water  through 
a closed  loop  systea  to  all  major  equipment  in  the  main  turbine  and  compressor 
buildings,  the  HR/SR  building  and  the  MHD  building. 

Three  50  percent  capacity  closed  cycle  cooling  water  pumps,  two  operating  and 
one  standby,  pusqi  warm  water  through  one  100  percent  station  heat  exchanger 
for  cooling.  A redundant  100  percent  capacity  station  heat  exchanger  is 
provided  for  backup.  The  cooled  water  is  distributed  through  headers  leading 
to  the  main  turbine  generator  and  auxiliary  coolers;  air  separation  and 
oxidant  equipment  auxilliary  coolers;  HR/SR,  and  coal  processing  equips»ent 
coolers  and  MHD  magnet  accessories.  After  passing  through  the  equipment  the 
cooling  water  is  returned  to  the  suction  side  of  the  closed  cycle  cooling 
water  pumps. 

1 . 2 SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  CCCWS  include  the  Generator 
Hydrogen  Coolers,  Turbine  Lube  Oil  Coolers,  Pump  and  Fan  Bearing  Coolers, 
Station  Service  Heat  Exchangers,  Closed  Cycle  Cooling  Water  Pumps,  and  the 
Closed  Cycle  Water  Head  Tank.  Major  system  interfaces  with  the  CCCWS  include 
the  Circulating  Water  System,  Condensate  System,  and  Lube  Oil  Subsystem.  The 
CCCWS  also  interfaces  with  other  various  systems,  such  as  the  MHD  Magnet 
accessories,  and  the  Plant  Service  and  Instrument  Air  Supply  System. 

1.3  DESIGN  CRITERIA 

The  closed  cycle  cooling  water  piping  system  is  all  welded  construction  in 
accordance  with  ANSI  B31.1.  Piping  is  carbon  steel  A106  Grade  B seamless. 
Valves  are  in  accordance  with  ANSI  B16.5  and  B16.34.  All  equipment  is  flanged 
for  easy  removal. 

All  pipe  sizing  is  based  upon  economic  considerations,  and  hydraulic  analysis 
to  ensure  adequate  cooling  water  flow  to  all  coolers  during  all  operating 
BK^des . 

Heat  exchangers  and  pumps  are  sized  with  reserve  capacity  to  assure  proper 
operation  under  any  load  or  eoiergeacy  condition. 
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Standby  pumps  and  heat  exchangers  are  provided  for  flexibility.  This  standby 
capacity  allows  for  the  resioval  of  any  one  unit  from  service  for  maintenance 
during  full  load  operation. 

The  closed  cycle  water  head  tank  is  vented  to  atmosphere  and  is  fabricated 
from  ASTH  A~285  carbon  steel  plate. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  Aawrican  National  Standards  Institute  (ANSI) 

2.  American  Socity  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures  and  pipe  sizing  flow  rates  are  taken  from 
the  manufacturers'  equipment  recommendations,  and  tabulated  on  the  fluid 
system  diagrams  8270-1-531-302-231  and  -232.  Flow  rates  are  those  occurring 
with  main  turbine  Valves  Wide  Open,  and  the  Heat  Recovery/Seed  Recovery  (HRSR) 
and  MHD  unit  operating  at  Maximum  Continuous  Rating  conditions.  Closed 
Cooling  Water  pipe  sizing  is  based  on  pressure  drop,  as  a percent  of  normal 
(design)  pressure,  usually  running  around  1 to  2 psi  drop  per  100  ft.  of  pipe. 

2.0  DESIGN  DESCRIPTION 

The  major  components  of  this  system  are  the  closed  cycle  cooling  water  pumps, 
station  service  water  heat  exchangers,  all  station  auxiliary  coolers,  closed 
cycle  water  head  tank,  chemical  fill  tank,  piping,  instruments,  and  controls. 
The  major  equipment  components  are  covered  further  in  this  section  as  well  as 
other  System  Design  Descriptions  as  noted  in  Section  1.2. 

2.1  SUMMARY  DESCRIPTION 

The  cooling  water  is  chemically  treated  to  prevent  corrosion  or  scale  of  the 
carbon  steel  pipe  and  equipment.  The  cooled  treated  water  will  circulate 
through  a closed  loop  system  to  all  major  equipotent  in  the  main 
turbine-generator  area  and  HR/SR  area.  In  addition,  all  equipment  associated 
with  the  MHD  topping  cycle  requiring  closed  cycle  cooling  water  will  also  be 
included  in  this  system. 
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There  ere  three  50  percent  capacity  closed  cycle  cooling  water  pu^>s.  Two 
puaps  circulate  the  water  through  the  systen  during  norMl  plant  operation. 

One  50  percent  capacity  puap  is  utilized  for  coding  auxiliary  equipaent 
during  plant  shutdown. 

A closed  cycle  water  head  tank,  vented  to  ataosphere,  is  the  highest  point  in 
the  systea.  The  head  tank  is  provided  to  aaintain  a reserve  voluae  of  ^rested 
condensate  and  to  aaintain  positive  pressure  on  the  puap  suction  piping.  A 
level  control  valve  with  a aanual  bypass  adaits  condensate  aakeup  to  replace 
systea  leakage.  The  signal  is  froa  a level  controller  aounted  on  the  tank. 

A cheaical  treataent  tank  is  connected  across  the  cooling  water  puaps  to 
introduce  cheaicals  into  the  suction  header  when  required. 

The  water  passes  through  the  shell  side  of  the  two  station  service  heat 
exchangers  for  cooling  during  noraal  plant  operating  conditions.  The  cooling 
water  through  the  tubes  of  these  heat  exchangers  is  raw  water  as  covered  in 
the  Circulating  and  Service  Water  Systea  design  description  and  fluid  systea 
diagraa  8270-^.-571-302-201.  A condensate  bypass  around  these  heat  exchangers  is 
controlled  autoaatically  to  limit  the  ainiaua  cooling  water  tesq>erature . The 
cooled  condensate  flews  from  the  heat  exchangers  to  all  the  station  auxiliary 
coolers,  and  returns  to  the  puap  suction  aanifold. 

The  CCeVS  serves  station  auxiliary  equipment  within  the  aain- turbine  generator 
area,  coapressor  areas,  HR/SR  area,  and  MHD  building.  Auxiliaries  in  the 
turbine  area  (See  Fluid  Systea  Diagram  8270-1-531-302-231)  include  the 
following: 

Generator  Hydrogen  Coolers  - Four  25  percent  units  in  operation  at  all 
loads. 

Alternator  Coolers  - Two  100  percent  (one  in  service  at  all  loads) 

Bus  Duct  Cooler  - One  100  percent  (in  service  at  all  loads) 

Main  Turbine  Lr.be  Oil  Cooler  - Two  100  percent  (one  in  service  at  all 
loads) 

Main  Turbine  Hydraulic  Oil  Cooler  - Two,  A & B (one  in  service  at  all 
loads) 

Condensate  Purn^s  A,  B,  & C - Two  in  service  at  all  times 
Vacuum  Pumps  A & B - Two  in  service  at  all  times 
Boiler  Feedwater  Booster  Pumps  A & B 

Main  Boiler  Fr-edwater  Pumps  A,  B,  & C - Two  in  service  at  all  tisies 

The  auxiliaries  in  the  compressor  areas  (See  Fluid  System  Diagrams 
8270-1-531-302-231,  -232)  including  the  following: 
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Air  Separation  Unit  (ASU)  Turbine  Lube  Oil  Coolers  * Two  100  percent  (one 
in  service  at  all  loads) 

Oxidant  Coaq>ressor  Turbines  (2)  Lube  Oil  Coolers  - Two  100  percent  per 
turbine  (one  per  turbine  in  service  at  all  loads) 

Oxidant  Coaipressor  Motor  Bearing  Coolers  Two  100  percent  (one  in 
service  at  all  loads) 

Plant  Service/ Instruaent  Air  Conpressors  Inter  and  Aftercoolers  - Two 
100  percent  (one  in  service  at  all  loads) 

The  auxiliaries  in  the  boiler  area  (See  Fluid  Systeai  Diagram  8270-1-501-302*232) 
include  the  following: 

Induced  Draft  Fans  (3)  Bearing  Coolers  - Two  100  percent  per  fan  (one  per 
fan  in  service  at  all  loads) 

Coal  Pulverizer  Mills  (3)  - Three  maximum  in  service  depending  on  load. 

Flue  Gas  Recycle  Fans  (3)  Bearing  Coolers  - Two  100  percent  per  fan  (one 
per  fan  in  service  at  all  loads) 

Secondary  Air  Fans  (3)  Bearing  Coolers  - Two  100  percent  per  fan  (one  per 
fan  in  service  at  all  loads) 

Sample  Coolers  - Intermittent 

Boiler  Access  Doors  - All  in  service 

The  auxiliaries  in  the  MHD  building  (See  Fluid  System  Diagram  8270-1-501-302-232) 
include  the  following: 

Magnet  Warm  Bore  Liner  Cooler 

Magnet  Power  Supply  Coolers 

Power  Absorbing  Resistors  Coolers 

Refrigerator  Compressor  Inter  and  Aftercoolers  - One  Each  0 100  percent 
(in  service  at  all  loads) 

Refrigerator  Liquifier  Cooler 

Vacuum  Diffusion  Pumps  Cooling  Circuits  - Two  100  percent  per  pump 
(one  per  pump  in  service  at  all  loads) 

Vacuum  Fore  Pumps  (2)  Bearing  Coolers  - Two  100  percent  per  pump  (one  per 
punq>  in  service  at  all  loads) 

All  of  the  lubricating  oil  coolers  include  autoaiatic  temperature  controls 
which  modulate  the  water  flow  required  to  maintain  correct  oil  temperature. 
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The  generator  hydrogen  cooleri  are  automatically  temperature  controlled  to 
maintain  proper  temperature  at  various  loads.  All  other  equipment  is  manually 
adjusted  to  a fixed  constant  flow  rate  which  is  suitable  for  all  load 
conditions . 

The  necessary  temperature  and  pressure  instruments  and  controls  are  included 
for  each  piece  of  equipment. 

As  noted  by  the  lisr.  of  auxiliaries  being  cooled,  there  are  some  spare  units 
on  standby  service  and  others  that  vary  in  water  flow  requirements  in 
accordance  with  the  load.  During  plant  shutdown,  few  units  require  cooling; 
therefore,  a 50  percent  capacity  pump  is  utilized  for  operation  under  shutdown 
conditions . 

An  autosiatic  recirculation  flow  control  from  the  pump  discharge  header  to  the 
puBip  suction  header  is  provided  to  maintain  constant  system  pressure  across 
the  pximps  during  throttled  conditions,  as  well  as  ensuring  minimum  flow. 

Each  puBip  may  be  operated  locally  or  remote  manual  from  the  main  control  room. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Major  interface  equipment  components  shown  on  the  CCCWS  diagram  are  the 
generator  hydrogen  coolers,  turbine  lube  oil  coolers  and  turbine  hydraulic  oil 
coolers,  ASU  turbine  lube  oil  coolers,  oxidant  turbines  lube  oil  coolers, 
boiler  feed  pumps  and  condensate  puatps,  MHD  magnet  accessories,  and  plant 
service  and  instrument  air  compressors.  These  items  are  described  in  the 
following  system  descriptions: 


ITEM 

SYSTEM  DESIGN 
DESCRIPTION 

FLUID  SYSTEM 
DIAGRAM 

1. 

Main  turbine  generator 

Main  & Reheat 
Steam 

8270-1-501-302-011 

2. 

Station  service  heat 
exchangers 

Circulating  & 
Service  Water 

827C-1-571-302-201 

3. 

Boiler  feed  pumps 

Boiler  Feedwater 

8270-1-521-302-081 

4. 

Condensate  pumps 

Condensate 

8270-1-51^-302-101 

5. 

Plant  service  and  instrument 
air  cosq>res8ors 

Industrial  Gas 

8270-1-652-302-241 

6. 

Superconducting  magne**  and 
cryogenic  equipment 

Magnet 
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Major  deiign  data  of  equipaent  coaponents  directly  aaaociated  with  the  Cloaed 
Cycle  Cooling  Water  Syatea  are: 


1.  Closed  Cycle  Cooling  Water  Puaps: 
DESIGN  & PERFORMANCE  DATA 


Type 

Quantity 
Capacity,  GPH 

TDK  at  deiign  conditioni,  ft. 

Shutoff  head,  ft.  (aaiuaed) 

Pump  speed  at  deiign  conditions,  rpa 
Eff.  at  design  conditions,  X (assuaed) 

Driven  brake  horsepower  required  at 
design  conditions,  BHP 

MATERIALS  OF  CONSTRUCTION 

Casing  ASTM  A48,  Cast  iron 

lapel lers  & casing  rings  ASTM  A296,  Iron  chroaiua 
Shaft  ASTM  A576,  Hot  rolled  carbon  steel 

Shaft  sleeves  ASTM  A322,  Hot  rolled  alloy  steel 


Horiz.  Centr. 
3 

1500 


80 


2.  Closed  Cycle  Water  Head  Tank: 
Type 

Quantity 

Size 

Tank  material 
Wall  thickness 
Corrosion  allowance 
Exterior  coating 
Interior  coating 
Design  pressure 
Design  temperature 
Code  required 
Test 

3.  Chemical  Fill  Tank: 

Type  & Size 
Quantity 

2.2.2  Piping  and  Valves 


Vertical  cylindrical 
one 

72  in.  OD  by  9 ft.  high 
ASTM  A285,  Carbon  steel,  C PVQ 
1/4  in. 

1/16  in. 

Inorganic  Zinc  Primer 
Mobil  78-W-3 
Atmos . 

150  F 
None 

5 psig  hydro. 


Vertical  cylindrical 
One 


All  piping  is  seamless  carbon  steel  ASTM  A106  Grade  B Schedule  40.  All  valves 
are  carbon  steel  with  bronze  trim.  Valves  2 inch  and  smaller  are  600  lb. 
socket  weld  forged  steel.  Valves  2-1/2  inch  and  larger  are  ISO  lb.  butt  weld. 
Valves  6 inch  and  larger  are  ISO  lb.  butterfly  type,  utilized  for  throttling 
as  well  as  shut-off  service 


Expansion  joints  are  rubber  spool  type. 
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2.2.3  Electiical 
Electrical  Supply 

The  cloaed  cycle  water  piuq>  aiotora  are  460  volt,  3 phase,  60  Hz  supplied  frosi 
480  volt  Botor  control  centers. 

Electrical  instrus^nts,  controls,  and  valve  liait  switches  are  supplied  with 
power  coordinated  with  instrunent  power  sources. 

2.2.4  Instruments,  Controls  and  Alarms 
Local  Pressure  Indicators 


Direct'reading  pressure  indicators  are  provided  at  each  pump  discharge. 
Additional  pressure  indicators  are  provided  as  indicated  on  Fluid  System 
Diagram  8270-1-531-302-231  and  8270-1-531-302-232. 

Pressure  Controller 


A pressure  controller  is  installed  in  the  main  header  of  the  closed  cycle 
system  to  signal  the  pusip  recirculation  valve,  for  system  pressure  and  pu^ 
minimum  flow  protection. 

Local  Temperature  Indicators 

Direct-reading  temperature  indicators  are  provided  in  the  system  as  indicated 
by  Fluid  System  Diagrams  8270-1-531-302-231  and  8270-1-531-302-232. 

Temperature  Test  Wells 

A thermowell  for  the  installation  of  temperature  test  instruments  is  installed 
on  the  pump  discharge  header. 

Temperature  Controllers 

1 . A temperature  controller  is  provided  in  the  main  header  downstream  of  the 
station  service  heat  exchangers.  This  modulates  the  temperature  control 
valve,  which  bypasses  the  heat  exchangers  to  control  system  temperature. 

2.  Temperature  controllers  are  provided  in  all  boiler  feed  pump  lube  oil 
systems  in  order  to  regulate  the  independent  tesiperature  control  valves. 

3.  The  generator  hydrogen  cooler  temperature  control  valve  is  modulated  by  a 
temperature  controller  installed  in  the  hydrogen  system. 

4.  The  turbine  lube  oil  cooler  temperature  control  valves  are  modulated  by  a 
temperature  controller  installed  in  the  various  turbine  lube  oil  systems. 
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Tank  Level  Controls 

The  doted  cycle  head  tank  inttniaentatioo  it  provided  in  the  ayitea  at 
indicated  by  Fluid  Syttea  Diagraa  S31>302-231.  The  level  controller  aodulatet 
the  aakeup  valve  located  in  the  condenaate  tupply  line. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  piping  and  valve  limita  are  equal  to  or  greater  than  thoae  of  the 
connecting  equipawnt.  Therefore,  no  additional  protective  devicet  are 
required. 


3.2  HAZARDS 

No  special  hazards  exist  other  than  unforeseen  operating  conditions  due  to 
malfunction  of  mechanical  or  electrical  equipment.  Host  of  the  emergencies 
that  could  occur  would  not  shut  down  the  plant  because  of  the  standby 
flexibility  and  automatic  control  of  the  system. 

3.3  PRECAUTIONS 

There  are  ro  special  precautions  for  the  safe  operation  of  the  CCCWS.  It  is 
designed  to  ensure  operating  security,  through  the  use  of  autosMtic  controls, 
and  monitoring  instrusients.  Startup,  normal  operation,  and  shutdown  must  be 
in  accordance  with  equipment  manufacturers*  instructions. 

Pumps  can  be  operated  locally  or  remotely.  Pressure  drop  across  station 
service  heat  exchangers  should  be  periodically  monitored  to  provide  an 
indication  of  tube  plugging.  Makeup  water  to  the  head  tank  is  automatically 
controlled  with  manual  backup.  All  coolers  are  automatic  with  suitable 
temperature  controls  and  monitoring. 

Spare  pumps  and  heat  exchangers  permit  removing  faulty  units  from  service  for 
repair  or  maintenance  during  normal  plant  operation  without  disrupting 
service. 

An  autoisatic  temperature  controlled  bypass  around  the  heat  exchangers  limits 
cooling  water  temperature  to  a safe  minimum  value. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Initial  fill  of  the  system  commences  after  piping  flushing  has  been  completed. 
The  system  is  filled  with  treated  condensate  from  the  condensate  puaq>  header 
into  the  closed  cycle  cooling  water  head  tank.  When  normal  level  is 
established  in  the  head  tank,  all  equipment  valves  must  be  opened.  One 
SO  percent  capacity  pump  is  to  be  started  and  the  total  system  vented.  Water 
analysis  should  be  made  at  this  tisie  and  the  necessary  chemical  treatsMnt 
applied  if  required. 
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4.2  NORMAL  OPERATION 

Nonul  startup  is  with  ous  50  percent  puaqp  operating,  and  venting  of  all 
equipaent  to  resK>ve  trapped  air.  After  this  has  been  done,  and  with  cooling 
water  flowing  through  the  necessary  station  equipaent  coolers,  plant  startup 
■ay  coBBence. 

When  sufficient  load  has  been  attained,  startup  of  a second  50  percent 
capacity  closed  cycle  cooling  puaq>  is  nandatory. 

The  puaq>B  should  be  started  locally  until  nonsal  operatiou  has  been  confirmed. 
At  this  tine,  all  puap  suction  and  discharge  valves  should  be  opened.  Puaps 
■ay  then  be  started  and  shut  down  reaotely  froa  the  control  rooa. 

All  teaperatures  and  control  valves  should  be  checked  for  proper  operation 
before  increasing  load  from  startup. 

4.3  SPECIAL  OR  INFREQUENT  OPERATION 

No  special  operations  are  anticipated  with  this  systea. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

In  the  event  that  certain  ioiportant  paramters  of  the  CCCWS  fall  outside  of 
predetermined  limits,  an  annunciator  in  the  control  room  will  be  activated. 

The  following  problems  are  indicated  at  the  annunciators  in  the  main  control 
room: 

1.  Closed  cycle  cooling  water  pumps,  stopped  (as  indicated  by  an  auxiliary 
contact  in  the  motor  starter) 

2.  Closed  cycle  water  head  tank,  low  level  and  high  level  alarm. 

3.  Closed  cyc'e  cooling  water  loop  temperature  downstream  of  the  station 

service  heat  exchangers  (connected  to  control  room  computer  to  aaintain 
pre-set  cooling  water  temperature). 

5.2  INSERVICE  INSPECTION 

Frequent  inservice  inspection  includes  the  following: 

1.  Check  condition  and  operation  of  all  valves  and  teaperature  controls. 

2.  Check  for  leaks. 

3.  Check  chemical  analysis  of  water.  A fill  tank  is  included  for  adding 
treatment  chemicals. 
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4.  Haaufactureri'  detailed  iaatructions  aust  be  adhered  to. 

5.  The  aoat  likely  problea  to  be  encountered  will  be  plugged  tubea  in  the 
Btation  aervice  heat  exchangera. 

6.  Check  high  and  low  level  alaraa  on  the  head  tank. 

5.3  PREVENTATIVE  MAINTENANCE 

A routine  preventive  oMintenance  achedule  nuat  be  adhered  to.  Thia  includea 
inapection  and  calibration  of  all  inatruaenta,  controla  and  valvea  to  enaure 
that  they  are  operating  within  their  preacribed  rangea.  Proviaiona  have  been 
aade  to  conduct  thia  aaintenance  during  noraal  plant  operation. 

Spare  puapa  and  heat  exchangera  perait  reaoving  any  faulty  unit  froa  aervice 
for  aaintenance  during  nonaal  plant  operation. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer* a Inatructiona 

A complete  file  of  inatruction  hooka  ia  available  at  the  plant  to  guide  the 
plant  peraonnel  in  aaintenance  and  overhaul  of  any  piece  of  equipaent.  If 
aeceaaary,  a representative  of  the  aanufacturer  can  be  preaent  to  auperviae 
the  overhaul  or  replaceaent  of  plant  equlpMnt. 

5.4.2  Spare  Parts  Inventory 

The  CCCWS  will  require  very  ncminal  quantities  of  spare  parts  inventory  for 
regular  aaintenance  and  coaaon  repairs.  The  following  spare  parts  inventory 
are  recoaaended: 

1.  Puaps  - (one  set  for  each  type  puap)  - casing  rings,  impeller  ringa, 
packing/aecbanical  seals,  shaft  sleeves,  bearings. 

2.  Seats  and  packing  for  hand  valves. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  document  presents  a description  of  the  Industrial  Gas  Systems  as  depicted 
on  Fluid  System  Diagrams  8270- 1-652- 302-* 241,  Plant  Service  and  Instrument  Air 
Supply  and  8270-1-652-302-242,  Miscellaneous  Gases.  The  document  includes 
descriptions  of  system  functions,  interfaces  with  other  systems,  equipment 
and  piping  requirements,  design  criteria,  description  of  components,  operating 
0K>des,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  plant  service  air  and  instrument  air  supply  is  designed  to  provide  clean, 
dry,  oil-free,  compressed  air  to  all  parts  of  the  plant  for  use  in 
instrumentation  functions,  and  for  providing  air  for  service  use.  Air  header 
distribution  piping  is  run  throughout  the  plant  for  this  purpose.  Most  of 
this  piping  is  contained  indoors,  although  portions  extend  outdoors. 

Two  100  percent  capacity,  2 stage,  oil  free,  electric  motor  driven, 
reciprocating  air  compressors  are  provided.  One  compressor  serves  as  standby 
to  start  automatically  in  the  event  the  first  compressor  becomes  inoperative. 

Each  compressor  has  an  inlet  filter  - silencer. 

The  discharge  from  compressors  is  piped  through  aftercoolers,  moisture 
separators,  prefilters,  dryers  and  afterfilters  to  assure  moisture  free  air  at 
-44®F  dewpoint  feeding  the  plant  main  air  receiver.  The  two  parallel 
connected  air  dryers  ate  each  sized  for  100  percent  duty.  The  system  air 
receiver  supplies  air  to  the  plant  main  air  header  that  distributes  service 
and  instrument  air  throughout  the  plant. 

Extra  receivers  are  furnished,  together  with  check  valves,  in  the  critical  MHD 
and  turbine  areas  to  provide  instrument  air  for  an  extended  period  of  time  in 
the  event  of  a loss  of  system  pressure. 

Flow  limiters  are  installed  at  each  hose  station  to  prevent  inadvertent, 
excessive  use  of  air  by  operating  personnel. 

The  Miscellaneous  Gases  System  is  a group  of  four  separate  sub-systems  which 
is  designed  to  supply  industrial  type  gases  for  the  steam  turbine  generator, 
backup  supply  for  the  MHD  Magnet  System,  and  inert  gas  for  blanketing  various 
pieces  of  equipment  throughout  the  plant. 

1.2  SYSTEM  INTERFACES 

The  major  equipment  components  involved  with  the  Industrial  Gas  Systems 
include  the  air  and  gas  compressors,  intercoolers,  aftercoolers,  separators, 
receivers,  filters,  dryers  storage  tanks  and  gas  bottle  racks. 

The  compressor  jacket  cooling,  the  integrally  mounted  intercoolers  and  the 
inline  piping  aftercoolers  interface  with  the  Closed  Cycle  Cooling  Water 
System,  Fluid  System  Diagram  8270-1-531-302-231. 
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Draias  fron  the  aftercooler,  separators,  and  receivers  interface  with  the 
Plant  Industrial  Waste  System,  Fluid  System  Diagram  8270-l-641-302'-371 . 

The  miscellanous  gases  hydrogen  and  carbon  dioxide  interface  directly  with  the 
main  ac  generator  hydrogen  cooling  system  of  the  steam  turbine  generator.  The 
helium  supply  interfaces  with  the  MHD  Magnet  helium  distribution  system.  The 
nitrogen  supply  interfaces  with  various  coal  handling  and  cycle  equipment 
throughout  the  plant,  and  indirectly  with  the  ASU. 

The  equipment  for  the  four  different  gas  sub-systems  is  located  in  an 
attached,  small  building  called  the  Miscellaneous  Gas  Storage  Building. 

Bottle  racks  of  four  bottles  each  are  supplied  for  hydrogen,  carbon  dioxide, 
and  helium.  A nitrogen  storage  system  which  utilizes  a source  of  product 
nitrogen  from  the  Air  Separation  Unit  (ASU)  and  a high  pressure  compressor  to 
fill  high  pressure  storage  tanks  are  also  included. 

Hydrogen  is  normally  used  to  make  up  for  leakage  from  the  main  ac  generator 
cooling  system  and  as  a batch  supply  to  refill  the  system  after  the  generator 
has  been  purged.  Carbon  dioxide  is  used  to  purge  the  main  ac  generator. 

Helium  is  used  as  a backup  to  the  main  supply  to  the  MHD  Magnet  system. 
Nitrogen  is  used  primarily  as  an  inerting  gas  to  prevent  explosions  and  for 
the  purpose  of  minimizing  absorbing  moisture  in  the  pulverized  coal  system. 
Nitrogen  is  also  used  to  fill  systems  to  prevent  corrosion  in  piping  and 
equipment  that  is  out  of  service. 

1.3  DESIGN  CRITERIA 

A piping  header  system  is  used  to  distribute  compressed  air  throughout  the 
plant  for  use  as  either  service  air  or  instrument  air.  To  avoid  contamination 
of  instruments  and  equipment  at  service  terminal  locations , .this  air  is 
provided  dry,  clean  and  oil-free.  A minimuin  dewpoint  of  -44®F  is  provided 
which  avoids  condensation  in  outdoor  headers.  The  compressed  air  discharge  is 
maintained  at  a nominal  pressure  of  125  psig. 

The  compressed  air  is  delivered  by  one  of  two  oil  free,  reciprocating 
compressors.  Each  compressor  is  sized  for  100  percent  capacity  namely  1000 
SCFM  minimum.  Each  cooipressor  is  driven  by  a 250  hp  electric  motor,  direct 
coupled  to  the  compressor.  Redundant  filters,  aftercoolers,  separators  and 
dryers  are  provided  for  the  system. 

A large  air  receiver  is  located  in  the  proximity  of  the  compressors  to  avoid 
short  cycling  of  the  operating  compressor  and  to  minimize  the  effects  of  air 
surges  on  the  desiccant  air  dryers.  Several  smaller  air  receivers  are  located 
throughout  the  plant  to  accommodate  local,  momentary  high  use  rates. 

Receivers  are  located  in  the  MHD  and  turbine  areas  to  provide  reserve  capacity 
in  the  event  the  system  pressure  would  fall. 

All  piping  is  welded  in  carbon  steel  except  that  piping  after  the  MHD  and 
turbine  receivers  which  will  be  either  copper  or  stainless  steel. 

The  miscellaneous  gas  sub-systems  are  individually  manifolded  and  distributed 
throughout  the  plant  as  required.  The  hydrogen  pressure  inside  the  ac 
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generator  is  regulated  between  1/2  psig  to  30  paig.  Hydrogen  leakage  (and 
aakeup)  is  estimated  to  be  275  cubic  feet  per  day.  Estimated  volume  for 
refilling  the  generator  at  standstill  to  1/2  psig  is  3,950  cubic  feet. 

Another  tvo  volumes  are  required  to  raise  the  generator  cooling  system 
pressure  to  30  psig. 

Carbon  dioxide  is  used  to  purge  the  ac  generator  when  it  is  shut  down  for  unit 
outage  or  for  maintenance.  First  the  hydrogen  is  purged  from  the  generator  by 
substituting  carbon  dioxide.  Then  air  is  used  to  replace  the  carbon  dioxide. 
When  the  generator  is  ready  to  be  put  back  in  service,  carbon  dioxide  replaces 
the  air  and  finally  hydrogen  replaces  the  carbon  dioxide.  The  estimated 
volume  of  carbon  dioxide  to  replace  hydrogen  is  3,160  cubic  feet,  and  to 
replace  air  requires  2,370  cubic  feet. 

Nitrogen  is  used  to  replace  air  to  eliminate  potentially  explosive  or 
combustible  mixtures  such  as  pulverized  coal  and  air,  and  coal  dust  and  air. 

It  is  also  used  to  replace  water  in  steel  vessels  and  piping  to  reduce  the 
possibility  of  oxygen  corrosion  attack  when  the  equipment  is  out  of  service. 
The  quantities  required  are  (TBD). 

Helium  is  used  in  the  HHD  Magnet  cryogenic  system  to  aid  in  reducing 
temperatures  to  near  absolute  zero.  The  quantity  required  to  back  up  the  main 
helium  supply  is  (TBD) . 

The  air  receivers  and  nitrogen  storage  tanks  are  designed  in  accordance  with 
ASME  Boiler  and  Pressure  Vessel  Code,  Section  VIII,  Division  1,  Unfired 
Pressure  Vessels,  latest  edition. 

Except  where  noted,  the  piping  systems  are  constructed  of  carbon  steel  pipe  in 
accordance  with  ANSI  B31.1.  The  piping  after  the  MHD  and  turbine  area 
receiver  are  either  copper  or  stainless  steel. 

The  equipment  for  the  installation  is  selected  and  installed  to  comply  with 
sound  level  and  other  safety  requirements  of  OSHA. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations; 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Socity  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NI'PA) 

10.  National  Electric  Code  .!NEC) 


3 


1.3.2 


Deiign  Parameters 


The  design  pressures,  tesiperatures  sad  flow  rates  for  sizing  of  the  piping  are 
shown  on  Fluid  Systen  Diagrams  8270-1-652-302-241,  and  -242.  Pressure  drops 
to  the  most  remote  user  are  estimated  to  be  less  than  5 psig- 

Air  receivers  are  strategically  located  to  permit  high  surges  of  air  for  short 
durations  as  is  required  by: 

1.  Certain  valves  with  large  piston  actuator,  and 

2.  Certain  service  air  requirements. 

2.0  DESIGN  DESCRIPTION 

The  Industrial  Gas  Systems  consists  of  compressors,  coolers,  separators, 
filters,  dryers,  receivers,  tanks  and  header  piping.  The  major  equipment 
components  are  covered  in  System  Design  Descriptions  noted  in  Section  1.2. 

2.1  SUMMARY  DESCRIPTION 

The  compressed  air  piping  header  is  distributed  throughout  the  plant  to 
conduct  high  pressure  air  to  both  service  air  and  instrument  air  users.  The 
pressure  in  this  header  is  maintained  at  a nominal  125  psig.  The  air  is 
filtered  and  dried  to  accommodate  a variety  of  pneumatic  valves,  actuator 
motors  and  service  air  applications  both  at  Indoor  and  outdoor  locations. 

Two  full  capacity  air  compressors  are  furnished  to  provide  complete 
redundancy.  The  compressors  are  of  the  oil-free,  reciprocating  type.  These 
compressors  use  no  oil  for  lubrication  in  the  cylinder,  thereby  eliminating 
potential  sources  of  oil  vapor  and  droplets  in  the  compressed  air.  By  means 
of  cylinder  unloading,  the  compressors  can  be  operated  at  maximum  efficiency 
at  any  capacity  up  to  100  percent.  Two  stages  of  compression  with 
intercooling  are  required.  Each  compressor  has  a direct  coupled  electric 
motor  drive. 

Use  of  the  compressors  is  alternated  to  distribute  the  wear  equally  on  each 
compressor.  The  running  time  for  each  compressor  is  indicated  by  means  of  a 
meter  located  at  each  compressor. 

Cooling  water  is  furnished  for  the  intercoolers  and  the  aftercoolers  from  the 
Closed  Cycle  Cooling  Water  System.  Moisture  condensed  at  the  aftercooler  is 
separated  from  the  air  stream  at  separators  located  after  each  aftercooler. 
This  water  is  removed  with  traps  and  drained  to  waste.  Two  aftercoolers  are 
furnished  for  the  purpose  of  redundancy. 

Two  air  dryers  are  provided  One  will  be  operated  while  the  other  is 
maintained  as  a standby.  The  dryer  will  provide  a dewpoint  of  approximately 
-44'*F  during  normal  full  load  operation.  At  light  loads  the  dewpoint  may  be 
lower  than  -44®F.  A prefilter  is  provided  before  each  dryer,  and  an 
afterfilter  is  located  after  each  dryer  to  absorb  any  desiccant  dust  which  may 
become  entrained  in  the  air  stream. 
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An  air  receiver  ii  located  downstream  of  the  dryers.  This  receiver  will 
prevent  frequent  loading  and  unloading  of  the  compressor.  In  addition  it  will 
minimize  the  deleterious  effects  of  system  surges  on  the  dryer  beds.  Several 
additional,  smaller  air  receivers  are  located  adjacent  to  users  which  require 
air  in  momentary,  large  surges,  and  to  ensure  instruisent  supply  to  critical 
users. 


Each  air  compressor  is  furnished  with  an  inlet  filter-silencer  which  is 
located  outside  the  building  and  slightly  elevated.  The  filter-silencers 
minimize  dust  ingestion  into  the  compressor  cylinders,  thereby  prolonging 
coBipressor  life.  The  sound  dampening  action  of  the  filter-silencers  ensure 
that  the  sound  level  is  well  within  that  dictated  by  OSHA. 

A low  pressure  switch  is  located  on  each  receiver  to  activate  an  alarm  in  the 

event  that  the  system  pressure  falls  to  a predetermined  value. 

Each  miscellaneous  gas  system  has  its  own  piping  header  system  to  deliver  the 
gas  to  the  user.  The  hydrogen  system  takes  bottled  hydrogen  at  approximately 

2,000  psig  and  reduces  it  in  several  regulated  steps  to  about  30  psig.  For 

safety  reasons  there  is  a removable  section  of  pipe  in  the  line  leading  to  the 

ac  generator  which  must  be  removed  when  the  unit  is  down  for  service. 

The  carbon  dioxide  system  when  in  use  is  valved  wide  open  to  keep  the  supply 
tanks  and  piping  from  freezing.  There  is  a safety  valve  on  the  manifold  set 
at  100  psig  which  is  the  only  pressure  limitation. 

The  nitrogen  syst;;m  receives  its  supply  from  the  ASU  as  product  nitrogen  at 
50  psig.  The  nitrogen  is  compressed,  cooled  and  stored  in  tanks  at  about 

2,000  psig.  The  pressure  is  reduced  by  pressure  regulators  in  steps  and 
distributed  in  a low  pressure  header  system  throughout  the  plant  at  5 psig. 


2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

The  major  equipment  components  of  the  Industrial  Gas  Systems  are  the 
compressors,  aftercoolers,  separators,  filters,  dryers,  receivers,  tanks  and 
header  piping. 


Air  Compressors 

Quantity 
Type 
Stages 
Capacity 
Pressure  in 
Pressure  out 
Motor  drive 
Aftercooler 


2 

reciprocating 

2 

1,000  SCFM  mi;.<imum 
atmosphere 
125  psig 
250  hp 

1 each  per  compressor 
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Nitroacn  Coapreitor 

Quantity 
Type 
Stages 

Capacity 
Pressure  in 
Pressure  out 
Motor  drive 
Aftercooler 

Tanks  and  Receivers 

Nitrogen  Storage  Tank 
Main  Air  Receiver 
Secondary  Air  Receivers 
ItTstriuaent  Air  Receivers 

/ 2.2.2  Piping  and  Valves 

The  piping  is  all  welded  construction  in  accordance  with  ANSI  B31.1.  The  pipe 
material  shall  comply  with  the  following: 

Material 
Seasiless  Steel 
ASTM  A53  Grade  B 

Instrument  Piping  Copper  tubing,  ASTM  B,  or  Type  316 

stainless  steel 

Valves  are  in  accordance  with  ANSI  B16.5  and  B16.34.  All  equipment  is  flanged 
for  easy  removal. 

All  valves  other  than  the  hydrogen  system  shall  be  bronze  or  stainless  steel 
globe  valves. 

High  pressure  hydrogen  valves  must  be  packless,  globe  type.  Medium  pressure 
and  low  pressure  valves  must  be  bellows  sealed  types. 

2.2.3  Electrical 

The  control  panels  for  the  compressors  shall  use  current  that  is  120  volts, 

1 phase,  60  hertz.  The  control  panels  shall  be  dust  tight  (NEHA  12)  and  shall 
comply  with  NEC. 

Alarm  switches  shall  provide  isolated  contact  closure  for  the  actuation  ox 
alarm  points  in  the  annunciator  system. 

Electrical  heaters  in  the  air  dryers  are  rated  460  volts,  3 phase,  60  hertz. 

Compressor  motors  are  rated  4160  or  3 phase,  60  hertz  and  are  supplied  from  a 
4160  volt  motor  control  center.  Motor  rated  200  HP  and  higher  will  be  4160 
volt;  motor  under  200  HP  will  be  460  volt. 


Size 
2”  - 8" 


1 

reciprocating 

2 

SO  SCFM 
so  psig 
2,000  psig 
TBD 
1 

No. /Capacity,  cu.  ft. 

l/CTBD) 

1/lSl 
3/16  ea. 

2/50  ea 
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2.2.4  Initruaenti,  Controls  and  Alarai 

Each  coapreiior  is  furnished  with  s local  control  panel  on  which  is  sMunted 
pressure  gauges  to  indicate  oil  pressure,  interstage  air  pressure  and 
discharge  air  pressure.  The  cosipressor  also  has  Mounted  on  it  a low  oil 
pressure  switch,  a high  air  teisperature  switch  and  a high  vibration  awitch, 
all  of  which  are  wired  into  the  siotor  control  circuit  to  stop  the  cosqpressor 
in  the  event  of  a condition  which  would  be  hamful  to  the  cosq>ressor. 

When  the  control  switch  for  the  notor  of  one  of  the  cosipressors  is  in  the 
"autonatic"  position,  that  notor  will  be  started  if  the  pressure  at  the 
receiver  would  fall  low.  This  low  pressure  condition  would  be  detected  by  a 
two  stage 'pressure  switch  which  is  mounted  on  the  system  receiver.  Onr  of  the 
stages  would  be  wired  in  the  control  circuit  for  one  of  the  cosapressors  and 
the  second  stage  would  be  wired  in  the  motor  control  circuit  for  the  second 
compressor.  Typically  one  stage  would  be  set  at  115  psig  and  the  second  stage 
would  be  set  at  110  psig.  After  a motor  has  been  started,  the  pressure  in  the 
receiver  is  maintained  within  a narrow  band  by  means  of  pneumatic  loaders 
which  cycle  unloaders  on  the  cosipressor  cylinders.  Each  cosipressor  is  sized 
at  100%  capacity  and  therefore  there  would  be  no  need  to  operate  both 
compressors  at  the  sasw  time.  Normally  one  would  be  operated  while  the  second 
compressor  is  maintained  in  stand-by.  Should  the  cosipressor  which  is 
operating  be  stopped  for  some  reason,  the  compressor  which  had  been  retained 
as  standby  would  be  started  when  the  receiver  pressure  falls  to  the  setting  at 
the  two  stage  pressure  switch  on  the  system  receiver. 

High  pressure  limit  switches  are  located  on  the  header  of  each  compressor 
before  the  first  valve.  These  high  pressure  limit  switches  will  quickly  stop 
the  respective  compressor  motor  in  the  event  that  a compressor  is 
inadvertently  started  when  a blockage  exists  between  the  compressor  and  the 
system  receiver. 

A very  low  pressure  switch  on  the  main  air  receiver  actuates  the  "Low  Air 
Pressure"  alarm  in  the  control  room  in  the  event  of  low  pressure  at  the  system 
receiver. 

A pressure  transmitter  on  the  system  receiver  transmits  the  actual  air 
receiver  pressure  to  an  indicator  in  the  control  room. 

Pressure  gauges  are  furnished  at  various  locations  throughout  the  Industrial 
Gas  Systems.  These  gauges  assist  operating  and  maintenance  personnel  to 
verify  that  the  systems  are  functioning  satisfactorily. 

The  nitrogen  compressor  is  started  manually,  but  will  oe  shut  off 
automatically  by  a pressure  switch  when  the  storage  tank  reaches  2,000  psig. 

Various  temperature  indicators  are  located  near  the  compressors  and  coolers. 
These  assist  operating  personnel  in  locating  difficulties  and  in  determining 
when  coolers  require  maintenance. 

Each  air  dryer  is  furnished  with  a separate  control  panel  which  cycles  the 
service  air  and  instrument  air  between  the  two  towers  which  are  mounted  on 
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each  dryer.  One  tower  renaina  in  aervice  while  the  aecond  ia  being 
reactivated.  Tiawra  within  the  control  panela  detemine  the  cycle  rate.  At 
the  proper  intervala,  autoMtic  valvea  are  energized  to  alternate  the  air 
itreaa  froai  one  tower  to  the  aecond  to%^r.  Theae  control  panela  are  furniahed 
with  an  alara  which  activatea  an  annunciator  in  the  event  that  the  awitch-over 
valve  would  fail  to  coapletely  atroke  from  one  poaition  to  the  alternate 
poaition. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAITTIONS 

3.1  PROTECTIVE  DEVICES 

All  of  the  piping,  valvea  and  receivera  are  deaigned  according  to  the 
atandarda  and  coder  referenced  in  Section  1.3.1. 

Receivera  and  tanka  are  deaigned,  conatructed,  inapected,  teated  and  atamped 
in  accordance  with  the  ASHE  Unfired  Preaaure  Veaael  Code  Section  VIII  and  are 
protected  with  preaaure  relief  valvea  which  are  aized  and  aet  in  coaqtliance 
with  the  ASHE  code.  Properly  aized  relief  valvea  are  alao  provided  on  the 
intercooleca  and  on  the  diacharge  piping  before  the  firat  valve. 

The  coBipreaaora,  dryera,  coolera,  aeparatora  and  receivera  are  used  at 
pressures  within  their  rated  capacities. 

3.2  HAZARDS 

Gas  cylinders  and  piping  shall  be  labelled  to  clearly  identify  their  contents 
and  operators  shall  be  trained  to  follow  safe  procedures  required  for 
hydrogen,  carbon  dioxide,  nitrogen,  pressure  systens  and  ^’cc-sel  safety. 

The  motors  for  the  compressors  are  classified  as  medium  and  high  voltage.  The 
switchgear,  in  accordance  with  common  practice  and  the  NEC  code,  will  be 
locked.  Access  will  be  available  to  only  qualified  personnel.  The  control 
panels  for  the  compressors  and  the  dryers  will  be  low  voltage,  and  these  will 
also  be  locked  to  restrict  access  to  only  qualified  personnel. 

Rotating  parts  on  the  cootpressors  are  protected  in  accordance  with  the 
applicable  OSHA  standards.  The  sound  levels  also  comply  with  OSHA 
requirements. 

3.3  PRECAUTIONS 

There  are  no  special  precautions  other  than  nonaal  maintenance  procedures. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

To  startup  a compressor,  the  operator  verifies  that  the  manual  water  valves  to 
the  coaq>ressor  coolers  are  open,  and  that  the  air  compressor  isolation  valves 
are  open.  The  operator  verifies  that  the  appropriate  isolation  valves  on  the 
conq)resBor  and  the  dryer  are  opened  so  as  to  provide  an  unobstructed  path  for 
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the  coBpressed  air  from  the  compressed  air  header  to  the  receiver.  To  start  a 
compresso)  motor,  the  control  switch  is  moved  to  either  "automatic"  or 
"start."  In  the  "automatic"  position  the  cosq[>ressor  motor  will  be  started  if 
the  detected  pressure  at  the  system  receiver  is  low. 

To  startup  one  of  the  air  dryers,  the  appropriate  isolation  valves  on  the 
dryer  are  opened.  The  control  switch  is  moved  to  "on".  The  standby  dryer 
remains  in  the  "off"  mode. 

4.2  NORMAL  OPERATION 

Normal  operation  of  the  plant  service  air  and  instrument  air  supply  involves 
the  use  of  one  air  compressor  and  one  air  dryer.  The  usage  of  each  cosipressor 
and  dryer  is  alternated,  as  indicated  by  hour  meters  on  the  units,  so  as  to 
distribute  the  wear  equally  on  each  unit.  Each  compressor,  dryer  and  air 
filter  is  sized  to  provide  100  percent  of  the  system  capability.  The  piping 
of  the  compressors,  dryers  and  filters  is  arranged  to  permit  the  service  of 
any  of  these  coiiq)onents  while  the  system  is  providing  100  percent  capacity. 

The  second  air  compressor  and  air  dryer  is  maintained  in  standby  for  autosMtic 
startup  in  the  event  the  system  pressure  falls  to  a predetermined  value. 
Automatic  valves  on  the  cooling  water  piping  are  interlocked  with  the  control 
circuit  for  the  compressor  starter  so  that  these  valves  are  opened  whenever 
the  compressor  motor  is  operating  and  closed  when  the  compressor  motor  is  not 
operating. 

Duplicate  compressors,  dryers,  filters  and  aftercoolers  are  provided  for 
100  percent  backup.  It  is  possible  to  safely  operate  the  service  air  and 
instrument  air  systems  with  both  compressors  running  she;  Id  a special  high 
capacity  condition  occur. 

Duplicate  air  dryers  are  provided  for  100  percent  backup.  This  permits  one  of 
the  dryers  to  be  temporarily  deactivated  for  maintenance. 

A service  air  and  instrument  air  system  receiver  is  provided  in  the  system 
adjacent  to  the  compressors  in  the  HR/SR  building  basement.  This  receiver 
avoids  rapid  loading  and  unloading  of  the  compressors.  It  also  minimizes  the 
deliterious  effects  of  flow  surges  through  the  beds  of  the  dryers. 

A pipe  header  system  is  provided  to  distribute  the  service  air  and  instrument 
air  througho^'t  the  plant  site.  At  various  locations  separate  valves  are 
provided  for  tne  purpose  of  permitting  isolation  of  an  area  is  required. 

4.3  SHUTDOWN 

In  a normal  shutdo%m,  the  control  switch  for  any  compressor  would  simply  be 
moved  to  the  "off"  position.  For  added  safety,  the  compressor  disconnect 
switch  can  be  locked  in  the  "off"  position.  The  normal  cooling  water  valves 
may  be  closed  to  prevent  the  inadvertent  flow  of  cooling  water  thru  the 
compressor  jacket. 
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4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Any  conpressor  or  dryer  which  is  used  as  a backup  unit  should  be  operated 
periodically  to  verify  that  these  units  are  in  good  working  condition. 

To  satisfy  special  high  capacity  requirements,  the  Plant  Service  Air  and 
Instrument  Air  Supply  System  can  be  operated  with  both  compressors  running. 

The  nitrogen  coaq^ressor  system  is  rated  at  100  percent. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Annunciators  provided  in  the  main  control  room  are  activated  when 
predetermined  system  limits  ire  exceeded. 

Problems  applicable  to  the  air  coaq>ressors  are  indicated  at  these  annunciators 
in  the  main  control  room  (Fluid  System  Diagram  8270-1-652-302-241). 

A control  panel  mounted  on  each  air  compressor  contains  pressure  gauges  which 
are  used  to  SK>nitor  compressor  performance. 

Any  problems  applicable  to  the  air  dryers  are  indicated  at  a common 
annunciator  in  the  main  control  room.  A control  panel  mounted  on  each  dryer 
contains  panel  alarm  lights  which  will  indicate  the  specific  problem. 

Each  air  dryer  is  fitted  with  pressure  gauges  to  allow  the  operator  to  verify 
that  each  section  is  being  properly  pressurized  and  depressurized.  A locally 
mounted  moisture  indicator  changes  color  in  the  event  of  an  undesirable  rise 
in  the  air  dewpoint.  High  dewpoint  indication  alerts  the  operator  to  correct 
the  fault  or  change  to  the  standby  dryer. 

In  the  event  that  the  sir  pressure  at  the  system  receiver  falls  to  too  low  a 
value,  a pressure  switch  activates  the  annunciator  to  indicate  "low  air 
pressure" . 

5.2  INSERVICE  INSPECTION 

Frequent  inservice  inspection  of  the  drain  traps  is  required  *:o  verify  that 
these  are  functioning  correctly. 

Periodic  inspections  of  the  compressors  is  required  to  verify  that  the  seals 
on  the  pistons  have  not  become  worn  excessively.  Inspections  of  the 
compressors  are  required  to  ascertain  that  there  is  no  excessive  vibration  or 
sounds  which  would  be  indicative  of  worn  or  inadequately  lubricated  parts. 

Oil  samples  should  be  taken  periodically  to  verify  that  the  levels  of 
impurities  have  not  risen  excessively. 

The  filters  must  be  inspected  periodically  to  ascertain  that  the  pressure 
differential  across  the  filters,  as  indicated  on  a locally  mounted 
differential  pressure  gauge,  has  not  risen  to  an  excessive  level. 
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Infrequent  inspections  sre  also  recotasended  to  verify  that  there  are  no 
significant  leaks  from  the  hesder  systeas. 

5.3  PREVENTATIVE  MAINTENANCE 

The  coapressors  require  oil  changes  to  ensure  aaxiaua  operating  life. 

The  coolers  aust  be  cleaned  periodically  to  reaove  scale  and  deposits. 

Traps  aust  be  cleaned  and  tested  at  recoaaended  intervals. 

Systea  low  pressure  control  aust  be  tested  periodically  to  verify  that  it 
would  operate  correctly  in  the  eveac  of  a low  pressure  condition. 

In  the  air  dryers,  the  switch-over  valves  aust  be  periodically  lubricated. 
Also,  the  desiccant  in  the  towers  of  the  dryers  aust  be  periodically 
replaced. 

The  cartridge  eleaents  in  the  air  filters  require  replaces^nt  at  regular 
intervals. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 
plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Certain  critical  spare  parts  should  be  maintained  on  hand  for  regular 
maintenance  and  common  repairs. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuBMDt  presents  s description  of  the  Fuel  Oil  Systesi  ss  depicted  on 
Fluid  System  Diagram  8270-l-A13>302-281 , Fuel  Oil  System.  The  document 
includes  descriptions  of  system  functions,  interfaces  with  other  systems, 
equipment  and  piping  requirements,  design  criteria,  description  of  components, 
operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Fuel  Oil  System  is  designed  to  provide  storage  and  transport  of  fuel  oil 
from  tanks  to  various  users  through  piping  and  valves  as  follows: 

From  Rail/Truck  Unloading  Station  to  Main  Oil  Storage  Tank;  From  Main  Oil 
Storage  Tank  to  various  oil  transfer  tanks  as  follows: 

Fuel  Oil  Transfer  Tank  for  Coal  System  Control  Building 
Heating  Boiler  Burner, 

Fuel  Oil  Transfer  Tank  for  Warehouse  Heating  Boiler  Burner, 

Fuel  Oil  Transfer  Tank  for  Auxiliary  Boiler  Burner,  Emergency  Gas 
Turbine  Generators,  and  Diesel  Fire  Pump 
Fuel  Oil  Transfer  Tank  for  Vitiated  Air  Heater 

1.2  SYSTEM  INTERFACES 

No  direct  system  interfaces  are  associated  with  the  Fuel  Oil  System. 

1 . 3 DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure“teaiperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components . 

Engineering  design  criteria  for  all  disciplines  is  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1,3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  Petroleum  Institute  (API) 

2.  American  National  Standards  Institute  (ANSI) 

3.  American  Society  of  Mechanical  Engineers  (ASME) 

4.  American  Society  for  Testing  and  Materials  (ASTM) 

5.  American  Welding  Society  (AWS) 

6.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

7.  Pipe  Fabrication  Institute  (PFI) 

8.  Occupational  Safety  and  Health  Administration  (OSHA) 

9.  Instrument  Society  of  America  (ISA) 

10.  National  Fire  Protection  Association  (NFPA) 
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1.3.2  Design  Paraieters 

The  deilgn  pressures,  temperatures  and  "pipe  sizing"  flow  rates  are  tabulated 
on  the  fluid  system  diagram  8270-l-4l3-302>281 . Flow  rates  are  those 
occurring  with  valves  wide  open  during  maximum  operating  conditions.  Fuel  oil 
line  sizing  is  based  on  a pressure  loss  of  approximately  1.5  psi  per  100  feet 
of  pipe,  at  minimum  design  fuel  oil  temperature. 

2.0  DESIGH  DESCRIPTION 

The  Fuel  Oil  System  consists  primarily  of  tanks,  pumps,  piping,  valves,  and 
controls.  The  cos^onents  are  discussed  in  detail  later  in  this  report. 

2.1  SUMMARY  DESCRIPTION 

Fuel  Oil  unloading  from  rail  tank  cars  is  the  primary  delivery  source. 
Provisions  for  truck  shipment  are  provided  as  a fuel  source  backup.  Two 
300  GPM  positive'displacement  fuel  oil  unloading  pumps  are  employed,  capable 
of  unloading  three  tankcars  simultaneously  with  the  use  of  a common  piping 
manifold.  The  fuel  is  pumped  for  holding  into  the  Main  Oil  Storage  Tank, 
which  is  sized  to  store  a one  month  supply  at  plant  maximum  operating  fuel  oil 
consuoiption  rate. 

Fuel  oil  is  transferred  to  locally-installed  user  fuel  oil  transfer  tanks  by 
one,  100  percent  capacity,  centrifugal  fuel  oil  transfer  pump.  Design 
redundancy  is  maintained  by  a duplicate  standby  transfer  pump.  Fuel  oil  is 
issued  to  the  users  in  accordance  with  the  following: 

Critical  Users  - The  emergency  gas  turbine  generators  and  diesel  fire 
pump  fuel  oil  supply  must  be  safeguarded  against  power  outages  and  plant 
shut-downs.  To  ensure  proper  operation  of  these  units,  day  tanks  are 
installed  to  supply  fuel  for  startup  and  sUort-term  operation  in  the 
event  of  an  emergency.  The  day  tanks  are  located  so  as  to  deliver  the 
required  amount  of  fuel  to  the  engines'  integral  fuel  pump,  while 
remaining  independent  of  outside  electrical  or  mechanical  power 
requirements.  The  day  tanks  are  sized  for  four  hours  of  continuous 
operation,  with  additional  capacity  for  fuel  oil  recirculation  and  heat, 
dissipation  purposes.  The  day  tanks  are  supplied  from  the 
locally-installed  fuel  oil  transfer  tank  by  two  submersible  pumps,  one 
for  normal  operation  and  one  on  standby.  Fuel  oil  recirculation  piping 
is  provided  from  the  engine  manifold  to  the  day  tank,  as  well  as  between 
the  day  tank  and  fuel  oil  transfer  tank.  The  pumps  associated  with 
critical  users,  i.e.,  the  fuel  oil  transfer  puaips,  transfer  tank 
submersible  pumps,  and  auxiliary  boiler  equipsient,  are  connected  to  the 
critical  bus,  so  as  to  maintain  fuel  continuance  in  the  event  of  a power 
outage. 

Non-Critical  Users  - The  remainder  of  the  fuel  oil  users  require  no 
special  safeguards  to  ensure  uninterruptible  fuel  oil  flow.  Fuel  oil  is 
delivered  from  each  fuel  oil  transfer  tank  by  submersible  pumps  installed 
in  the  tank.  Fuel  oil  recirculation  from  the  user  burner  management 
system  is  provided  to  maintain  proper  flow  and/or  temperature  control. 
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2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaent 

The  Bajor  equipment  components  shown  on  the  fuel  oil  system  diagram  are 
described  below: 


Fuel  Oil  Unloading  Pumpa 

Quantity 

Type 

Capacity 

Discharge  pressure 


2 

Positive  displacement 
300  gpm 
50  psi 


Main  Oil  Storage  Tank  - This  tank  is  sized  to  accossnodate  a one  month 
plant  supply  at  maximum  operating  user  flowrates.  Two  electric  suction 
heaters  are  installed  in  the  tank  to  warm  the  fuel  oil  on  the  inlet  side 
of  the  fuel  transfer  pumps,  when  required.  The  main  oil  storage  tank  is 
equipped  wi^h  level  indicators,  switches,  alarms,  and  transmitters  . to 
allow  fuel  oil  unloading  pump  control  and  oil  level  monitoring  at  the 
rail/truck  \mloading  station,  pump  house,  and  main  control  room. 


Quantity 

Type 

Code 

Capacity 

Diameter 

Height 


1 


Above  ground,  cylindrical  welded 
API  650 


840,000  gallons 
60  ft. 

40  ft. 


Fuel  Oil  Transfer  Pumps  - 

Quantity 

Type 

Capacity 

Discharge  pressure 


2 (100%) 

Horizontal,  centrifugal 
200  gpm 
50  psi 


Fuel  Oil  Transfer  Tanks  - Four  fuel  oil  transfer  tanks  provide  local 
reservoirs  of  fuel  oil  for  the  individual  users,  and  a method  of 
temperature  control  where  required  utilizing  tank  heaters,  teaiperature 
controllers,  and  recirculation  lines. 


All  of  the  fuel  oil  transfer  tanks  are  built  to  API  650  code 
specifications,  located  underground  below  frostline,  and  are  furnished 
with  manholes  or  handholes,  external  fill  connections,  tank  heaters 
(where  required),  vents,  level  indicators,  switches,  alarms,  and 
submersible  fuel  oil  puaips.  The  fuel  oil  transfer  tanks  are  each  sized 
to  accommodate  the  fuel  oil  supply  durations  as  shown  below.  Tank 
capacities  are  listed  as  follows: 
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Transfer  Tank 

Cotil  System  Control  Building 
Warehouse  Heating  Boiler 


Supply 

Capacity  Duration 

3,800  Gal.  1 week 

1,700  Gal.  1 week 


Emergency  G-T  Generator/ 

Auxiliary  Boilers  (2)/ 

Diesel  Fire  Pump 

Boiler: 

24  hours 
Start-Up  Boiler: 
10  hours 
Fire  Pump:  36 
hours 


55,000  Gal.  Generator:  36 

hours 

Plant  Heating 


Vitiated  Air  Heater 


24,000  Gal.  40  hours 


Transfer  Tank  Submersible  Pumps  - All  pumps  are  of  the  submersible 
electric  motor  type  which  feed  the  user(s)  and  develop  recirculation  line 
flow.  Two  100  percent  capacity  pumps  are  provided  for  each  service,  with 
capacities  as  follows: 


Pump  Service  Capacity 


Coal  System  Boiler  30  gph 

Warehouse  Boiler  15  gph 

Emergency  G-T  Generators/Diesel  4C0  gph 

Fire  Pump 

Auxiliary  Boilers  600  gph 

Vitiated  Air  Heater  600  gph 


Day  Tanks  - Day  tanks  are  provided  to  deliver  fuel  oil  to  the  two 
critical  oil-fired  engines.  In  the  event  of  a power  outage,  fuel  will 
always  be  available  by  gravity  flow  to  the  engines . Tank  construction 
will  conform  to  API  650  code  specifications.  Day  tanks  will  be  furnished 
with  handholes,  external  fill  connections,  drain  plugs,  vents,  level 
indicators,  controllers,  switches,  and  alarms.  Day  tank  capacities  are 
listed  as  follows: 


Day  Tank 

Capacity 

Supply 

Duration 

Emergency  G-T  Generators 

350  Gal. 

4 hours 

Diesel  Fire  Pump 

350  Gal. 

4 hours 
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2.2.2  Piping  «od  Valves 

The  fuel  oil  lystea  piping  is  designed  with  welded  joints  in  accordance  with 
ANSI  B31.1.  Valves  to  be  in  accordance  with  ANSI  16.5. 

Piping:  2"  and  smaller,  ASTH  A53,  Grade  B,  seamless  carbon  steel, 

schedule  80. 

2^"  and  larger,  ASTH  AS3,  Grade  B,  seamless  or  welded  carbon  steel, 
standard  weight. 


Shut-Off 

Valves: 


2"  and  smaller,  ball  type,  one  piece  body,  carbon  steel,  ASTH  A105, 
double  TFE  seats,  screwed  ends. 

2V  snd  larger,  gate,  carbon  steel,  ASTH  A216,  flexible  disc  type, 
bolted  bonnet,  OS&Y,  13%  CrS.S.  trim,  flanged  ends;  or  ball  type, 
one  piece  body,  carbon  steel,  ASTH  A216,  double  TFE  seats,  flanged 
ends . 


Check 
Valves : 


2"  and  smaller,  forged  carbon  steel,  ASTH  A105,  S.S.  trim,  bolted 
cap. 

2V'  and  larger,  carbon  steel  body,  ASTH  A216,  Hrade  WCB,  flanged 
ends . 


2.2.3 


Electrical 


Motor-operated  equipment  and  valves  are  A60  volt,  3 phase,  60  Hz,  with  power 
supplied  from  the  480  volt  motor  control  centers.  Electrical  instruments, 
controls  and  valve  limit  switches  will  be  coordinated  with  instrumentation 
power  sources. 


2.2.4 


Instruments,  Controls,  and  Alarms 


All  fuel  oil  tanks  are  equipped  with  level  indicators,  switches,  alarms,  and 
controllers,  to  allow  proper  flow  control  and  monitoring  of  fuel  oil,  as 
described  in  Section  4.0.  Pumping  and  valve  controls  are  arranged  such  as  to 
permit  proper  fuel  oil  regulation,  as  further  discussed  in  Section  4.0.  The 
tanks,  piping,  and  pumps  are  provided  with  appropriate  instrumentation  for 
sensing  flow,  pressure,  and  temperature. 


3.0 


SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 


3 1 


PROTECTIVE  DEVICE'; 


Relief  valves  and  reci’*culation  lines  are  placed  on  the  discharge  side  of  all 
positive  displacement  pumps  to  prevent  system  overpressurization.  The  main 
oil  storage  tank  is  adequately  diked  to  provide  ample  containment  in  the  event 
of  tank  rupture.  All  vented  entrances  into  the  fuel  oil  system  art  equipped 
with  flame  arrestors. 
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The  piping*  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required. 


3 . 2 HAZARDS 

Special  hazards  associated  with  fuel  oil  system  operations  are  those 
concerning  fire  and  oil  spill  contamination  of  soil  and  ground  water. 

3.3  PRECAUTIONS 

Special  precautionary  measures  shall  be  taken  during  tank  car  unloading  aimed 
at  preventing  fuel  oil  spillage  and  accidental  ignition.  Hazardous  areas 
shall  be  so  marked  with  pertinent  warning  labels  such  as  "No  Smoking"  signs, 
etc.  Adequate  equipment  to  combat  fuel  oil  fires  (carbon  dioxide,  foam,  etc.) 
must  be  available  at  strategic  locations  throughout  the  plant  site  where 
hazardous  areas  such  as  fuel  storage  and  handling  facilities  are  located.  Oil 
spill  containing  tanks,  located  at  the  rail/truck  unloading  station,  and  oil 
detectors  in  wastewater  drains,  will  be  installed  to  further  protect  and 
indicate  against  ground  water  contamination. 

4.C  MODES  OF  OPERATION 

4.1  STARTUP 

Initial  fill  of  the  system  commences  after  piping  flushing  has  been  completed. 
Filling  of  the  main  oil  storage  tank,  the  fuel  oil  transfer  tanks,  and  the  two 
day  tanks  is  then  performed  in  sequence.  Rail  tankcars  are  unloaded  three  at 
a time  to  hasten  main  oil  tank  filling.  In  normal  operation,  three  of  the 
four  positive  displacement  pumps  will  be  running  at  a capacity  of  300  gpm 
each,  developing  a total  filling  rate  of  600  gpm.  Main  oil  storage  tank 
filling  time  will  be  approximately  one  day. 

Transfer  tank  filling  can  be  accomplished  normally  by  filling  from  the  main 
oil  storage  tank  via  the  fuel  oil  transfer  pumps.  However,  if  necessary,  a 
Lank  truck  may  be  used  to  accomplish  filling  through  use  of  the  external  fill 
connections  provided  on  each  tank.  This  latter  method  can  be  used  to  expedite 
initial  tank  filling.  The  initial  filling  time  for  all  transfer  tanks  will  be 
approximately  five  hours. 

Day  tank  filling  will  be  accomplished  from  the  designated  transfer  tanks  via 
the  submersible  fuel  pumps,  at  a flow  rate  of  20  gpm.  Initial  tank  fill  will 
require  approximately  17  mirutes. 

Fuel  oil  will  be  recirculated  within  each  transfer  tank  and  heated  to  proper 
temperature  and  viscosity  before  discharge  to  user  (when  required). 

Total  system  initial  fill  time  will  be  approximately  one  and  one-half  days. 

The  total  rail  tank  car  requirements  for  initial  fill  will  be  approximately 
45-20,000  gallon  tank  cars,  or  900,000  gallons  of  fuel  oil. 
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4.2  NORMAL  OPERATION 

During  plant  operation,  the  noraal  functions  of  the  fuel  oil  aystea  will  be  to 
keep  the  uaera  supplied  with  a continuous  flow  of  fuel  oil  at  coaq>atible 
pressure  conditions,  and  regulate  and  aaintain  t<Mq>erature  of  fuel  oil  to 
obtain  acceptable  viscosities  where  required. 

The  main  oil  storage  tank  is  filled  from  rail  tank  cars  by  unloading  puaq>s. 
Normal  operation  is  to  have  two  pumps  running,  unloading  three  rail  tank  cars. 
The  fuel  oil  unloading  pumps  will  be  controlled  locally  and  at  the  rail/truck 
unloading  station,  as  well  as  being  controlled  and  monitored  at  both  the  pump 
house  and  main  control  room. 

The  various  transfer  tank  fuel  oil  levels  are  mainlained  by  the  main  fuel  oil 
transfer  puoq;>s.  To  ensure  minimum  flow  protection,  recirculation  lines  back 
to  the  main  oil  storage  tank  from  the  discharge  of  the  pumps  are  provided. 

For  the  fuel  oil  transfer  tanks  "C"  and  "D",  the  fuel  oil  level  is  regulated 
as  follows; 

When  the  fuel  oil  level  reaches  a "low"  condition,  the  level  valve  controlling 

the  fuel  inlet  to  the  tank  opens,  starting  the  fuel  oil  transfer  pump.  As  the 

fuel  level  rises  to  tank  capacity,  the  "high"  level  switch  trips,  shutting  the 
level  valve  to  the  tank.  This  also  initiates  transfer  puaq>  shut-down,  unless 
overridden  by  another  transfer  tank  signal.  At  "low-low"  condition,  an  alarm 
sounds  in  the  puaiphouse  and  central  control  room,  signaling  inadequate  fuel 
capacity  in  the  transfer  tank.  At  the  "high-high"  condition,  an  alarm  sounds 
in  the  pumphouse  and  central  control  room,  signaling  overcapacity  in  the 
transfer  tank.  This  "high-high"  condition  also  initiates  transfer  pump 
shut-down,  overriding  any  other  signal  input  into  the  control  switch.  Pump 
operation  will  be  alternated  to  distribute  the  wear  equally  on  each  pump.  The 

fuel  oil  transfer  pumps  will  be  controlled  automatically  by  level  switches  on 

the  individual  fuel  oil  transfer  tanks,  as  well  as  being  controlled  and 
monitored  at  both  the  pump  house  and  main  control  room. 

The  fuel  oil  transfer  tanks  "A"  and  "B"  are  filled  intermittantly  by  manually 
opening  the  fill  valves  serving  these  tanks.  The  fuel  oil  transfer  pumps  are 
operated  at  the  fill  valve  site,  using  the  locally-moimted  control  switches 
provided.  When  tank  is  filled,  operator  shuts-off  pump  and  closes  valve. 

Local  transfer  tank  level  indicators  are  used  to  observe  fuel  oil  capacity. 

The  submersible  pumps  which  feed  the  user  normally  run  at  a fixed  capacity, 
regulating  line  pressure  with  a pressure  control  valve  on  the  recirculation 
line  to  the  tank.  Flow  control  by  burner  management  devices  supplied  with  the 
user  regulate  the  output  flow  conditions.  Pump  operation  will  be  alternated 
to  provide  even  wear  on  each  pump. 

The  emergency  G-T  generators  and  diesel  fire  pump  day  tanks  have  separate 
level  control  systems  consisting  of  level  switches,  indicators,  and  valves. 

The  system  operates  in  basically  the  same  marmer  as  the  transfer  tank  control 
loop. 
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4.S  SHUTDOWN 

If  it  becomes  necessary  to  remove  or  replace  any  pumps,  tanks,  tank  parts,  or 
other  pipeline  equipment,  adequate  shut-off  valving  has  been  designed  into  the 
system.  Drain  connections  have  been  incorporated  into  the  day  tanks  to  permit 
emptying  when  necessary.  When  necessary,  the  transfer  tanks  which  are 
situated  below  grade  may  be  emptied  by  pumping  into  a suitable  tank  truck. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Special  operational  parameters  are  necessary  to  insure  an  adequate  fuel  supply 
for  the  Emergency  G-T  Generators,  Plant  Heating  Auxiliary  Boiler,  and  Diesel 
Fire  P>jmp.  To  accomplish  this,  the  pumps  supplying  these  users  are  connected 
to  the  plant  critical  bus.  To  further  protect  the  fuel  oil  supply,  the  "low" 
level  switches  on  the  two  respective  transfer  tanks  are  set  to  allow  no  less 
than  a three-day  fuel  oil  supply  for  the  G-T  generators  and  fire  pump,  and  a 
24  hour  supply  for  the  plant  heating  auxiliary  boiler. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  will  record  all  direct  indicating  instruments  such  as 
pressure  indicators  on  pumps  and  strainers,  and  tank  temperature  indicators, 
and  check  equipment  performance  per  shift.  Level  controls  on  all  tanks  and 
motor  control  switches  are  set  to  annunciate  in  both  the  pump  house  and  main 
control  room. 

5.2  INSERVICE  INSPECTION 

All  operating  equipment  shall  be  physically  inspected  while  running  to  assure 
that  it  is  functioning  properly.  Tank  levels  will  be  checked  locally  for 
comparison  with  monitor  readings  recorded  at  the  pumphouse  and  main  control 
room.  Pump  operation  will  be  recorded  to  confirm  alternation  of  standby  and 
running  modes  per  each  usage.  All  valves  and  piping  shall  be  routinely 
inspected  for  leakage. 

5.3  PREVENTATIVE  MAINTENANCE 

Computerized  record  keeping  will  be  instituted  to  alert  the  operating 
personnel  when  equipment  needs  overhaul,  repacking,  or  cleaning,  in  accordance 
with  the  recommendations  of  the  equipment  manufacturer.  In  general,  parts 
will  be  replaced  during  planned  shutdowns  when  near  the  end  of  recommended 
life  cycles. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 
plant  personnel  in  maintenance  of  any  piece  of  equipment.  If  necessary,  a 
representative  of  the  manufacturer  can  be  present  to  supervise  the  overhaul  or 
replacement  of  plant  equipment. 
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5.4.2  Spare  Parts  Inveatory 

Manufacturers  will  supply  lists  of  recomnended  spare  parts.  Critical  parts 
and  parts  requiring  long  lead  (delivery)  tines  will  be  kept  in  inventory  at 
the  plant. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  dooument  presents  a description  of  the  Boiler  Flue  Ges  Systes  represented 
on  the  following  fluid  systems  diagrams: 

o Boiler  Flue  Gas  (8270-1-403-302.321) 
o Afterburner  Gas  Supply  (8270-1-403-302-322) 

0 Coal  Drying  and  Transport  Gas  (8270-1-403-302-323) 

The  document  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirements,  design  criteria,  description  of 
components,  operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Boiler  Flue  Gas  System  handles  flue  gas  from  the  Heat  Reoovery/Seed 
Recovery  System  (HR/SR)  outlet  to  the  stack.  After  leaving  the  HR/SR,  the 
flue  gas  passes  first  through  a duct  to  the  Electrostatic  Precipitator  (ESP). 
Downstream  of  the  ESP,  portions  of  the  flue  gas  are  drawn  off  for  coal 
processing,  gas  recirculation,  afterburner  air  heating  and  the  balance  of  the 
gas  flow  passes  through  the  low  temperature  economizer.  Following  the  low 
temperature  economizer,  the  flue  gas  lines  returning  from  the  afterburner  air 
heater  and  coal  processing  rejoin  the  main  stream  and  are  passed  through  the 
Induced  Draft  (ID)  fans  to  the  stack.  However,  a portion  of  the  gas  leaving 
the  afterburner  air  ! later  is  used  to  pressurize  the  coal  look  hopper  system. 
At  design  load,  1,332,088  pounds  per  hour  of  flue  gas  at  12.75  psla  ani 
480. 9^F  leave  the  HR/SR  and  1,258,874  pounds  per  hour  of  flue  gas  at  13*00 
psia  and  228. 2°F  leave  the  stack. 

1.2  SYSTEM  INTERFACES 

The  Boiler  Flue  Gas  System  interfaces  with  Coal  Management  System,  the 
secondary  air  supply  and  the  secondary  air  heating  sub-systems. 

1.3  DESIGN  CRITERIA 

The  maximum  coal  firing  rate  (for  maximum  ash  content  and  maximum  moisture 

content)  with  up  to  25  percent  excess  air  results  in  a total  of  1,430,000 
pounds  per  hour  of  flue  gas  at  the  stack.  The  minimum  pressure  at  the  inlet 
of  the  induced  draft  fans  is  designed  to  be  12.0  psia.  Gas  duct  velocities 
are  liiiiited  to  a maximum  of  3000  fpm,  and  duct  layout  is  designed  to  achieve 
acceptable  system  pressure  losses.  The  maximum  permissible  amount  of 
particulate  discharge  at  the  stack  based  on  EPA  requirements  is  55  pounds  per 
hour.  This  pi oduces  a dust  loading  of  2.4  x 10~^  pounds  of  particulate  per 
cubic  foot  of  flue  gas  at  the  Induced  Draft  fans. 

Flue  gas  recirculation  is  used  to  limit  the  flue  gas  inlet  temperature  to  the 
secondary  or  finishing  superheaters  to  approximately  2,500°F.  Gas  temperature 
monitoring  instruments  are  used  to  automatically  control  the  flow  of 
recirculation  flue  gas  to  the  afterburner  section  of  the  HR/SR.  Recirculation 
flue  gas  flow  is  varied  by  controlling  the  number  of  recirculation  fans  in 
operation  and  by  varying  the  position  of  the  inlet  control  dampers  for  these 
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fans.  For  tha  basaload  daalgn  point,  563,608  pounds  par  hour  of  ^SO^P  flua 
gas  ara  raqulrad  for  ooal  drying  using  as  raoaivad  coal  with  22.7  paroant 
molstura  oontant.  For  tha  aaxiauo  ooistura  conta;it  of  27  paroant  for  the 
inooming  ooal,  tha  ooal-drylng  flua  gas  flow  would  hava  to  be  inoraasad  to 
approximtaly  670,000  pounds  par  hour. 

Tha  Low  Tamporatura  Eoonomlzar  is  used  for  initial  heating  of  boiler  feedwater 
and  is  designad  for  a heat  transfer  rata  of  5.5  Billion  Btu  par  hour. 

Engineering  design  criteria  for  all  disciplines  is  in  accordance  with  the 
applicable  codes,  standards,  and  guides  Issued  by  governoental  agencies, 
recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3,1  Codes  and  Standards 


System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 

6.  Pipe  Fabricators  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Air  Movement  and  Control  Association  (AMCA) 

1.3*2  Design  Parameters 

The  Boiler  Flue  Gas  System  is  designed  to  handle  1,430,000  pounds  per  hour  of 
flue  gas  leaving  the  HR/SR.  The  arrangement  of  equipment  is  shown  on  the 
Boiler  Flue  Gas  drawing  (8270-1-403-302-321),  After  Burner  Gas  Supply  drawing 
(8270-1-403-302-322)  and  Coal  Drying  and  Transport  Gas  drawing  (8270-1-403- 
302-323).  System  design  is  based  on  the  System  Heat  and  Mass  Balance  diagram 
No.  8270-1-540-314-001. 

2.0  DESIGN  DESCRIPTION 


The  following  describes  the  gas  flow,  pressure  and  temperature  state  points  as 
It  passes  through  ETF  plant  conponents  downstream  of  the  HR/SR.  The  major 
equipment  components  are  covered  in  the  detailed  description  Section  2.2. 

2.1  SUMMARY  DESCRIPTION 

With  normal  operation  at  design  capacity,  about  1,346,737  pounds  per  hour  of 
flue  gas  at  12.75  psla  and  480.9*^  enters  the  ESP.  Following  the  ESP,  the 
feedwater  in  the  low  temperature  economizer  absorbs  some  of  the  heat  from  the 
flue  gas.  Between  the  ESP  and  the  low  temperature  economizer,  flue  gas  is 
taken  from  the  main  flow  for  secondary  air  heating  ’>.nd  coal  processing.  This 
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gas  Is  returned  to  the  suction  of  the  ID  fans.  The  ID  fans  discharge 
1,258,874  pounds  per  hour  to  the  stack  at  13.00  psla  and  228.2<>f. 

2.2  DETAILED  DESCRIPTION 

From  the  high  te^aperature  economizer  outlet  (last  component  In  the  HR/SR 
system),  a flue  gas  duct  transfers  1,346,737  pounds  per  hour  of  flue  gas  at 
12.75  psla/480.9^F  to  the  ESP.  Approximately  14,649  pounds  per  hour  of  dry 
ash/seed  mixture  will  be  precipitated  and  removed  in  the  ESP.  The  ash/seed 
collection  from  the  ESP  Is  described  In  the  Seed  Management  System.  Before 
entering  the  low  ten^ernture  economizer,  a total  of  330,273  pounds  per  hour  of 
flue  gas  is  drawn  off  for  gas  recirculation,  transport  gas,  and  after  burner 
air  heating.  An  additional  563,608  pounds  per  hour  of  flue  gas  Is  drawn  off 
for  coal  processing.  The  remaining  gas  flow  of  438,208  pounds  per  hour  enters 
the  low  temperature  (LT)  economizer.  The  flue  gas  temperature  leaving  the  low 
temperature  economizer  Is  315. 5®F. 

Returning  gas  streams  from  the  secondary  air  heater  at  12.57  psia/232.9°F/ 
219,136  pounds  per  hour  and  from  coal  processing  at  12.57  psia/150®F/ 

601,531  pounds  per  hour  mix  with  the  gas  leaving  the  low  teoqierature 
economizer.  The  resulting  gas  mixture  is  at  12.57  psia/220 . 9''F  and  has  a flow 
of  1,258,874  pounds  per  hour.  The  gas  flow  splits  and  enters  two  of  the  three 
induced  draft  fans.  Each  fan  is  designed  to  handle  50  percent  of  the  total 
flue  gas  flow  that  is  directed  to  the  stack.  Flue  gas  ducts  leaving  the 
Induced  draft  fans  are  Joined  Into  a single  duct  which  discharges  into  the 
stack. 

GAI  Drawing  8270-1-403-302-322  titled  "Afterburner  Gas  Supply"  presents  the 
flue  gas  recirculation  fans  and  afterburner  air  heater  sub-systems.  From  the 
main  gas  stream,  330,273  pounds  per  hour  of  flue  gas  Is  supplied  for  gas 
recirculation  and  secondary  air  heating.  Of  the  330,273  pounds  of  flue  gas  at 
12.7  psia,  105,671  pounds  per  hour  enters  pneumatically  controlled  dampers 
into  two  of  the  three  flue  gas  recirculation  fans  (50  percent  capacity  each) . 
The  flue  gas  at  13. 08  psla  flows  through  a check  valve  and  manual  damper  prior 
to  mixing  with  the  heated  secondary  air.  After  the  split  for  gas 
recirculation,  the  balance  of  224,602  pounds  per  hour  of  flue  gas  enters  the 
regenerative  air  heater  at  480.9®F  and  leaves  at  232. 9°F. 

A total  of  205,286  pounds  per  hour  of  ambient  air  at  13  psia/42.0°F  enters 
through  a steam  coll  air  preheater,  pneumiil'cal.ly  operated  dampers  and  into 
two  of  three  afterburner  gas  fans  (50  percent  capacity  each).  At  13*18 
psia/44.5°F  afterburner  air  leaves  the  fans  and  passes  through  check  valves 
and  dampers.  The  air  flow  mixes  together,  and  flows  to  a regenerative  air 
heater.  At  the  exit  of  the  air  heater,  the  air  condition  is  13-1  psia/331°F. 
This  air  passes  through  a duct  and  blends  with  recirculated  gas  prior  to 
entering  the  radiant  boiler.  The  condensed  steam  from  the  steam  coll  air 
preheater  is  returned  to  the  Auxiliary  Steam  System. 

GAI  Drawing  8270-1-403-302-323  titled  "Coal  Drying  and  Transport  Gas"  presents 
the  Coal  Processing  System  and  the  Transport  Gas  Compressor  System  for  the 
coal  lock  hoppers.  From  the  main  gas  stream,  563,608  pounds  per  hour  of  flue 
gas  at  12.70  psia/480.0°F  are  transferred  by  a duct  into  two  of  the  three  coal 
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drying  fans.  A pneunatically  operated  daoq;>er  is  installed  upstream  of  these 
fans.  Downstream,  a check  valve  and  damper  are  Installed  in  the  duct.  These 
fans  will  be  cooled  by  closed  cycle  cooling  water  flow.  Outlets  from  the 
booster  fans  will  combine  before  entering  the  mills.  The  gas  flow  will  split 
into  three  ducts  before  entering  two  of  the  three  mills.  Pneumatically 
operated  daiq>ers  are  installed  upstream  and  downstream  of  the  mills. 

Pulverized  coal  along  with  flue  gas  will  enter  the  baghouse.  Pulverized  coal, 
collected  at  the  bottom  of  the  baghouse,  is  transported  to  the  coal  lock 
hopper  system  by  screw  conveyors  as  described  in  the  Coal  Management  System. 
Flue  gas  containing  the  moisture  from  coal  drying  is  mixed  with  the  main  gas 
stream  at  the  induced  draft  fan  suction. 


A flow  of  5,466  pounds  per  hour  of  flue  gas  at  12.57  psia/232.9®F  is  drawn 
from  the  return  line  from  the  air  heater  before  the  return  is  mixed  with  the 
main  gas  itream.  This  flow  is  used  to  pressurize  the  lock  hoppers  feeding 
coal  to  the  combustor.  The  flow  is  split  equally  and  supplied  to  two  of  the 
three  gas  compressors.  Each  cooq>ressor  is  rated  at  50  percent  of  the  total 
required  capacity.  Upstream  lines  to  these  gas  compressors  are  equipped  with 
diaphragm  operated  valves,  and  downstream  lines  are  equipped  with  a check 
valve  and  a pneumatically  operated  valve.  The  discharges  combine  bifore  the 
lock  hoppers  section.  Circulating  water  lines  equipped  with  diaphragm  valves 
supply  cooling  water  for  the  coiq>ressors. 


2.2.1  Major  Equipment 
1.  Electrostatic  Precipitator  (ESP) 

This  equipment  is  described  with  the  HR/SR  System 


2.  Flue  Gas  Recirculation  Fans 

Quantity 

Type 

Capacity  # 485°F 

Developed  Head 

Brake  Horsepower  § 80j  eff 

3.  Afterburner  Gas  Fans 

Quantity 

Type 

Capacity  § 70°F 

Developed  Head 

Brake  Horsepower  § 80 f eff. 

4.  Air  Heater 

Quantity 

Type 

Air  flow 

Gas  temp,  °F  in/out 
Air  temp,  °F  in/out 


3-50> 

Centrifugal 
22,000  cfm 
7 in.  HO 
31 


3-50f 

Centrifugal 
26,000  cfm 
6 in.  H,0 
31 


1 

LJungstrom,  regenerative 

26,000  cfm 

480/233 

72/130 
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5.  StewB  Coll  Air  Preheater 

Quantity 

Type 

Air  flow 

Air  temp,  In/out  (design) 
Steam  press. /temp. 

6.  Coal  Drying  Pans 

Quantity 

Type 

Capacity  € ^ISOOP 

Developed  Head 

Brake  Horsepower  # 80}  eff. 

7.  Coal  Pulverizers  and  Baghouse 


1 

Fin-tube 
26,000  cfa 
-20/70 

40  psi/350op 


3-50} 

Centrifugal 
120,000 
7 in.  HgO 
166 


This  equipment  is  described  with  the  Coal  Management  System 


8.  Transport  Gas  Cooqpressors 

Quantity 

Type 

Capacity  § 233°P 
Discharge  pressure 
Brake  Horsepower  (est.) 

9.  Low  Temperature  Economizer 

Quantity 

Type 

Gas  ten^),  ^F  in/out 
Feedwater  temp,  °F  in/out 

10.  Induced  Draft  (ID)  Fans 

Quantity 

Type 

Capacity  § 221°F 

Developed  Head 

Brake  Horsepower  § 80}  eff. 

1 1 . Stack 


3-50} 

Centrifugal 
875  c-fm 
100  psl 
450 


1 

Fin-Tube 

480/315 

285/302 


3-50} 

Centrifugal 
195,000  cfto 
7 in.  H2O 
270 


Quantity 

Type 

Height 


1 

Reinforced  Concrete 
300  ft. 


2.2.2  Piping,  Valves,  Ducts  and  Dampers 

The  ducts  will  be  gunite  lined  carbon  steel . Exposed  surfaces  of  ducta  or 
pipes  will  not  exceed  a temperature  which  is  50^F  above  ambient.  Valves  and 
dampers  will  be  manufactured  from  carbon  steel. 


5 


SDD-321 


2.2.3  Electrical 

Power  for  fan  and  compressor  motors  is  from  4,1 60  volt  buses  and  supplied  from 
switch  gear. 

Motor-operated  valves  and  dampers  are  typically  460  volt,  3 phase,  60  Hz,  with 
power  supplied  from  480  volt  motor  control  centers. 

Power  for  Instrumentation  is  taken  from  appropriate  distribution  centers. 

2.2.4  Instruments.  Controls,  and  Alarms 

Instruments  are  placed  at  locations  commensurate  with  good  design  practice  to 
monitor  system  performance.  These  instruments  will  help  protect  against 
overloading  any  equipment  with  slag  or  loss  of  cooling  water  flow.  The 
majority  of  the  control  switches  and  instrument  readouts  for  each  operation 
are  located  with  their  respective  equipment.  Only  major  instrument  readouts 
are  recorded  at  the  Main  Control  Room  Computer. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  following  parameters  are  measured,  monitored,  and  controlled  by 
appropriate  instruments  and  controls: 

1.  Supply  power  to  fan  drivers. 

2.  Pressure,  temperature  and  secondary  air  flow  entering  the  regenerative 
afterburner  air  heater. 

3.  Pressure,  temperature  and  flue  gas  flow  to  the  coal  processing  plant. 

Pressure,  temperature  and  cooling  water  flow  to  all  the  fan  and  fan 
driver  bearings. 

3.2  HAZARDS 

Boiler  flue  gas  systems  are  hazai^dous  due  to  high  temperatures  and  toxic 
gases. 


3.3  PRECAUTIONS 

There  are  no  special  precautions,  other  than  those  associated  with  high 
temoerature  gas  systems,  required  for  the  safe  operation  of  the  Boiler  Flue 
Gas  System.  Maintenance  records  for  all  the  instruments  and  controls  shall  be 
kept,  and  operations  shall  schedule  me.intenance  for  all  the  Instruments. 
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4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Prior  to  firing  coal  in  the  combustor,  all  the  boiler  flue  gas  handling 
equipment  should  be  checked.  Induced  draft  fans  oust  be  started  prior  to 
firing. 


4.2  NORMAL  OPERATION 

During  normal  operation,  the  specific  required  components  may  be  controlled 
and  monitored  from  the  main  control  room.  Afterburner  gas  and  gas 
recirculation  fans  are  controlled  by  signals  from  the  HR/SR  control  system. 

4.3  SHUTDOWN 

The  equipment  is  shutdown  manually  as  required. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

There  is  no  special  or  infrequent  operation  anticipated. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  will  record  direct  indicating  instruments  at  regular 
interva.s  per  shift.  The  in-house  computer  will  constantly  monitor  specified 
points  on  the  Boiler  Flue  Gas  handling  system  to  give  a running  check  on 
performance  which  can  alarm  or  be  viewed  periodically  as  desired  in  the  plant 
control  room. 

5.2  INSERVICE  INSPECTION 

Visual  inspection  of  all  equipment,  ducts,  piping,  instruments,  etc.,  shall  be 
carried  out  periodically  during  operation  to  ascertain  that  the  subject 
equipment  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

All  equipment  and  motors  are  to  be  maintained  and  operated  in  accordance  with 
the  respective  manufacturer's  operating  and  maintenance  instructions. 

Computerized  recora  keeping  is  used  to  alert  the  operating  personnel  that 
pieces  of  equipment  need  an  overhaul,  repacking,  or  cleaning,  depending  on  the 
recommendations  of  the  equipment  manufacturer.  In  general,  the  part  will  be 
replaced  during  the  planned  shutdown  if  it  is  near  the  end  of  its  recommended 
life  cycle. 
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5.4  CORRECTIVE  KAINTENANCE 

5.4.1  Manufacturer *3  Instructions 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 
plant  personnel  in  maintenance  of  any  piece  of  equipment.  If  necessary,  a 
representative  of  the  manufacturer  can  be  present  to  supervise  the  overhaul  or 
replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  supply  lists  of  recommended  spare  parts.  A certain  percentage 
(TBD)  of  these  parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts 
requiring  long  lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1 . 0 FUNCTION  AND  DESIGN  REQUIREMENTS 

This  document  presents  a description  of  the  Coal  Management  System  that  is 
represented  on  the  following  layout  and  fluid  system  drawings: 

1.  Plot  Plan  (8270-1-210-007-031) 

2.  Yard  Coal  Handling-Plan  & Section  (8270-1-240-002-001) 

3.  Yard  Coal  Handling-Sections  (8270-1-240-002-002) 

4.  Coal  Feed  Lock  Hoppers  (8270-1-410-302-341) 

The  document  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirement:.,  design  cr.iteria,  description  of 
components,  operating  modes,  and  safety  and  maintenance  requirements. 

1 . 1 FUNCTIONAL  REQUIREMENTS 

The  Coal  Management  System  has  the  following  coal  processing  functions: 
receiving,  unloading,  storing,  screening,  crushing,  pulverizing,  and 
conveying.  The  prepared  pulverized  coal  is  stored  in  the  pressurized  lock 
hoppers  and  supplied  to  the  combustor  as  required. 

In  general,  a loaded  unit  train  proceeds  through  th.?  thaw  shed  and  the  rotary 
car  dumper  where  the  run-of-mine  coal  is  dumped.  The  physical  and  chemical 
properties  of  coal  are  tested  at  the  sample  house.  Coal  is  transferred  to  and 
stored  in  two  piles  near  the  transfer  house  and  reclaimed  as  required. 

Crushed  coal  is  stored  in  bunkers  prior  to  entering  the  pulverizer.  Flue  gas 
is  used  to  dry  coal  in  the  pulverizers.  Dried  pulverized  coal  is  conveyed  to 
pressurized  lock  hoppers  from  which  Primary  injectors  supply  coal  to  the  first 
stage  of  the  combustor. 

1 . 2 SYSTEM  INTERFACES 

Major  equipment  associated  with  the  Coal  Management  System  includes  an  eight 
car  length  thawing  shed,  rotary  car  dumping  system,  sample  house,  transfer 
house,  lowering  wells,  crushers,  eight  belt  conveyors,  puiverizerc  and 
pressurized  lock  hoppers. 

The  Coal  Management  System  interfaces  with  other  major  systems  such  as  Boiler 
Flue  Gas,  the  Oxidant  Supply  System,  MHD  Power  Train  (combustor),  Industrial 
Gas  and  the  Slag  Management  System. 

1.3  DESIGN  CRITERIA 

Design  criteria  such  as  minimum  and  maximum  coal  flow  rates,  as  well  as 
minimum  dryness  and  fineness  of  coal  are  used  in  the  selection  of  the 
components.  Engineering  design  criteria  for  all  disciplines  are  in  accordance 
with  the  applicable  codes,  standards,  regulations  and  guides  issued  by 
governmental  agencies,  recognized  standards  organizations,  and  Gilbert 
Associates,  Inc. 
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1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTH) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 

6.  Pipe  Fabricators  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

1.3.2  Design  Parameters 

Maximum  coal  requirements  of  108.0  tons  per  hour  (based  on  27  percent  moisture 
and  12  percent  ash),  dried  and  pulverized  to  five  percent  moisture  by  weight 
and  70  percent-2C0  mesh  fineness  were  used.  An  arrangement  of  equipment  is 
shown  on  the  System  Heat  and  Mass  Balance,  Drawing  No.  8270-1-540-314-001. 
Coal/flue  gas  mixture  velocities  for  line  sizing  are  in  the  range  of  50  to 
SO  feet  per  second,  with  maximum  pressure  drop  limited  to  0.43  psi. 

2.0  DESIGN  DESCRIPTION 

The  Coal  Management  System  provides  for  the  receiving,  handling,  processing, 
and  storing  of  coal.  Flue  gas  from  the  main  gas  stream  between  the 
Electrostatic  Precipitator  (ES?)  and  the  low  temperature  economizer  is  tapped 
for  coal  drying  in  the  pulverizers.  Dried  coal  in  the  pressurized  lock 
hoppers  and  the  primary  injectors  is  inerted  with  dry  nitrogen  or  flue  gas. 
Pulverized  coal  is  supplied  to  the  common  header  connected  to  the  first  stage 
sections  of  the  combustor. 

2.1  SUMMARY  DESCRIPTION 

At  design  capacity,  the  MHD-ETF  plant  consumes  101.8  tons  per  hour  of  coal 
(22.7  percent  moisture  by  weight).  During  the  first  two  years,  wherein  a 
23  percent  capacity  factor  is  anticipated,  the  ETF  plant  will  consume  about 
206,000  tons  per  year.  Operating  as  a commercial  power  plant  with  70  percent 
capacity  factor,  it  will  consume  about  624,000  tons  per  year  of  coal.  This 
latter  consumption  rate  requires  a minimum  of  2 unit  train  deliveries 
(7,000  tons  capacity  each)  per  week. 

The  coal  unloading  and  storing  facility  is  located  in  the  northwest  corner  of 
the  pl-nt  site.  A thawing  process  is  essential  for  winter  operation.  The 
rotary  dumping  system  and  thawing  requires  a minimum  of  3-1/2  to  4 hours  for 
unloading  a unit  train  with  100  cars.  The  400  feet  long  (eight  car-length) 
thawing  shed  is  located  at  the  coal  unloading  facility.  Only  four  car  lengths 
of  the  thawing  shed  is  equipped  with  heaters. 
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The  coal  is  dumped  into  a 300  ton  capacity  unloading  hopper  located  60  feet 
below  the  dumpers  from  which  it  flows  into  four  reciprocating,  plate  type, 
vibrating  feeders.  Belt  conveyors  No.  1 and  No.  2 transport  coal  from 
underground  to  the  sample  house,  and  to  the  transfer  tower. 

The  transfer  tower  is  equipped  with  a mechanical  dust  collector  and  coal 
sampling  equipment.  The  transfer  surge  bin  has  two  conical  discharge  chutes 
with  the  openings  controlled  by  power  actuated  slide  gates.  From  these  two 
chutes,  the  coal  can  be  diverted  to  two  belt  conveyors,  No.  3A  and  No.  3B. 
These  two  conveyors  deliver  coal  into  the  top  of  lowering  wells  which 
establish  active  coal  piles.  Excess  coal  is  moved  to  long  term  storage  and 
packed  down  by  rubber  tired  dozers  and  dozer/scrapers.  There  is  30  days 
storage  in  each  long  term  pile.  Each  coal  pile  is  equipped  with  a lowering 
well . 

Four  vibrating  feeders  and  four  hoppers  are  located  below  grade  in  a concrete 
trench  in  line  with  each  lowering  well.  The  vibrating  feeders  dump  the  coal 
onto  42  inch  wide  belt  conveyors  No.  4A  and  No.  4B  which  deliver  the  coal  to  a 
500  ton  surge  bin  located  in  the  control  transfer  house.  The  bin  supplies  two 
crushers  rated  at  500  tons  per  hour  each  and  breaks  the  run-of*mine  coal  down 
to  1-1/2  inch  size  or  less  which  is  suitable  for  pulverizing.  From  the  two 
crushers,  coal  is  fed  by  gravity  to  belt  conveyors  No.  5A  and  No.  5B.  These 
belt  conveyors  feed  into  a 2,000  ton  storage  capacity  bunker  via  a coal 
tripper  which  is  rated  at  500  tons  per  hour.  The  bunker  is  suitable  for 
16  hours  of  active  storage.  From  the  storage  bunker,  the  coal  is  fed  by  large 
diameter  pipes  to  weigh-feeders  which  measure  and  distribute  the  coal  to  two 
of  the  three  55  tons  per  hour  capacity  pulverizers.  The  third  pulverizers 
acts  as  a spare. 

For  coal  drying  in  the  pulverizer,  approximtely  563,000  pounds  per  hour  of 
flue  gas  (2.75  pounds  of  gas  per  pound  of  as  received  coal)  is  tapped  from  the 
main  gas  stream  between  the  ESP  and  the  low  temperature  economizer.  The  gas 
pressure  is  boosted  to  atmospheric  pressure  prior  to  entering  the  pulverizers. 
In  the  pulverizer,  coal  is  dried  to  five  percent  moisture  by  weight  and 
pulverized  to  70  percent-200  mesh  size.  At  design  capacity,  the  ETF  plant 
consumes  E3  tons  per  hour  of  dried  coal.  The  pulverized  coal  is  separated 
from  the  transport  gas  in  the  bag  house  and  transported  to  the  four  150  ton 
capacity  (each)  coal  lock  hoppers. 

The  dried  pulverized  coal  is  transferred  to  the  depressurized  150  ton  capacity 
(each)  lock  hoppers  (A1  and  A2),  while  the  other  pressurized  lock  hoppers  (B1 
and  B2)  are  feeding  coal  to  the  continuously  pressurized  primary  injector  B. 
The  coal  feeding  to  the  primary  injector  takes  place  without  interrupting  tne 
continuous  injection  of  coal  from  the  primary  injector  to  the  combustor.  All 
the  lock  hoppers  and  primary  injectors  have  rupture  discs  with  bag  filters  on 
the  discharge  to  release  overpressure  to  the  atmosphere.  Approximately  one 
pound  of  high  pressure  gas  is  required  to  transport  30  pounds  of  coal  from  the 
primary  injector  to  the  coal  feed  header  connected  to  first  stages  of  the 
combustor.  The  Differential  Pressure  Controller  (DPC)  balances  the  air 
pressure  between  the  primary  injector  outlet  and  the  coal  feed  line.  Signals 
from  the  combustor  burner  control  system  regulate  the  speed  of  the  coal  feeder 
and  the  flow  of  the  high  pressure  transport  gas  to  the  combustor. 
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2 . 2 DETAILED  DESCRIPTION 

2.2.1  Major  Equipient 

An  integrated  coal  unloading  facility  is  composed  of  the  following  major 
components : 

1.  Rail  Car  Unloading 

2.  Storage  Bunker 

3.  Coal  Transport  System 

2. 2. 1.1  Rail  Car  Unloading 

The  coal  unloading  and  storing  facility,  located  in  the  northwest  corner  of 
the  plant  site,  is  800  feet  long  and  500  feet  wide  (refer  to  GAI 
Drawing  No.  8270-1-210-007-001).  For  seasonal  handling  of  coal,  a thawing 
process  is  essential.  As  an  additional  measure,  a Freeze  Control  Agent  (FCA) 
with  glycol  based  compounds  will  be  used  to  act  as  an  antifreeze  to  weaken  the 
crystalline  structure  of  ice.  The  FCA  will  be  sprayed  on  the  coal  at  a 
cascade  point  on  the  coal  belt  conveyor  at  the  mine  and  after  the  coal  is 
loaded  in  the  unit  train. 

A rotary  dumping  system  considered  most  suitable  for  the  coal  thawing  process, 
requires  a minimum  of  3-1/2  to  4 hours  for  thawing  and  unloading  a unit  train 
with  100  cars.  Gondola  type  cars  of  random  size  (up  to  100  ton  capacity)  can 
be  accommodated  without  adjustment  or  loss  of  cycle  time  using  the  unit  train 
and  rotary  dumping  concept.  This  requires  the  use  of  cars  with  rotary 
couplers  and  approximately  three  miles  of  track  around  the  perimeter  of  the 
site. 

The  400  feet  long  (eight  car-length)  thawing  shed  is  equipped  with  infra  red 
electric  beaters  and  located  at  the  coal  unloading  facility  (refer  to  GAI 
Drawing  No.  8270-1-240-002-001).  The  average  electrical  power  consumption  for 
the  thawing  shed  is  estimated  to  be  7,000  kW  at  480  volts  per  unit  train.  T^e 
thawing  shed  is  divided  into  eight  zones,  50  feet  each.  The  first  four  zones 
from  the  approach  end  are  utilized  as  thawing  bays  equipped  with  heaters,  and 
the  remaining  four  zones  as  soaking  bays  without  heaters.  Special  care  is 
required  to  avoid  stress  and  damage  to  the  cars  due  to  overheating. 

After  a car  has  proceeded  through  the  thaw  shed,  it  enters  a hydraulic  car 
positioner  unit.  Locomotives  are  used  only  to  spot  the  train  for  the  initial 
stop  in  the  thaw  shed.  After  that,  all  train  motion  is  controlled  by  the  car 
positioner.  The  positioner  unit  consists  of  two  hydraulic  rams,  one  locatea 
on  each  side  of  the  tracks.  Each  ram  has  two  carriage  arms,  one  for 
acceleration  and  one  for  deceleration. 

Once  the  coal  car  has  been  positioned,  it  is  ready  for  weighing  and  dumping. 
Scales  located  before  and  after  the  rotary  car  dumping  device  record  the 
loaded  car  weight  (gross)  and  the  empty  car  weight  (tare)  for  each  car. 
Normally,  a rotation  of  160  degrees  is  used  for  dumping;  however,  180  degrees 
maximum  rotation  can  be  utilized  if  required.  Each  car  is  furnished  with 
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rotary  couplers  to  enable  dumping  without  disengagement.  Two  electric  eyes 
detect  any  misaligned  cars  and  prevent  dumping  in  such  an  event.  As  car 
rotation  begins,  four  hydraulic  clamps  engage  the  top  of  the  car.  Limit 
switches  monitor  the  clamping  and  stop  the  rotation  if  secure  clasiping  has  not 
been  obtained. 

The  coal  is  dumped  into  a 300  ton  capacity  unloading  hopper  located  60  feet 
below  the  duaper  (refer  to  GAI  Drawing  No.  8270-1-240*002-*002).  Above  the 
hopper  a bar  screen  with  12  inch  openings  and  runway  space  is  provided  for  a 
small  tractor-dozer  to  break  up  large  or  frozen  chunks  of  coal,  thus  avoiding 
blockage  or  dasMge  to  the  downstream  coal  handling  equipsient.  The  hopper  is 
constructed  of  1/4  inch  thick  steel  plate  with  an  1/8  inch  thick  stainless 
steel  liner.  Four  outlets,  with  slide  gates,  direct  the  coal  into  four 
reciprocating,  plat^;  type,  vibrating  feeders  each  rated  at  1,000  tons  per 
hour.  These  feeders  discharge  onto  a short  54  inch  wide  belt  conveyor  which 
in  turn  discharges  the  coal  through  a chute  onto  the  main  54  inch  wide  belt 
conveyor  No.  2.  Belt  conveyor  No.  2 is  a long  belt  transporting  coal  from 
underground  to  the  sample  house,  and  to  the  transfer  tower.  Both  belt 
conveyors  No.  1 and  No.  2 are  rated  at  1,750  tons  per  hour,  450  feet  per 
minute. 

2.2. 1.2  Storage  Bunker 

The  physical  and  the  chemical  properties  of  coal  are  tested  at  the  sample 
house.  The  transfer  tower  is  equipped  with  a mechanical  dust  collector  and 
coal  sampling  equipment.  The  transfer  surge  bin  has  two  conical  discharge 
chutes  with  the  openings  controlled  by  power  actuated  slide  gates.  From  these 
two  chutes,  the  coal  can  be  diverted  to  two  54  inch  wide  belt  conveyors  No.  3A 
and  No.  3B.  These  conveyors  are  rated  at  1,750  tons  per  hour,  450  feet  per 
minute  and  deliver  coal  into  the  top  of  lowering  wells  which  establish  active 
coal  piles.  Excess  coal  is  moved  to  long  term  storage  and  packed  down  by 
rubber  tired  dozers  and  dozer  scrapers.  There  is  30  days  storage  in  each  of 
the  two  long  term  piles.  Each  coal  pile  is  equipped  with  a lowering  well. 

Four  vibrating  feeders  and  four  hoppers  are  located  below  grade  in  a concrete 
trench  in  line  with  each  lowering  well.  The  vibrating  feeders  dump  the  coal 
onto  42  inch  wide  belt  conveyors  No.  4A  and  No.  4B  rated  at  1,000  tons  per 
hour,  450  feet  per  minute. 

Belt  conveyors  No.  4A  and  No.  4B  pass  through  weigh  scales  which  monitor  the 
tonnage  of  coal  in  transit  and  indicate  the  tonnage  to  the  station  control 
room.  The  station  operator,  upon  advice  from  the  chemist,  can,  by  varying  the 
feeder  rates,  obtain  the  required  quality  of  coal  by  blending  coals  from  each 
of  the  two  piles.  Belt  conveyors  No.  4A  and  No.  4B  feed  a 500  ton  surge  bin 
located  in  the  control  transfer  bouse.  At  the  top  of  each  belt  conveyor  is  a 
magnetic  separator  to  remove  tramp  iron  before  the  coal  drops  in  the  surge 
bin.  The  bin  feeds  two  crushers  rated  at  300  tons  per  hour  and  takes  the 
run-of-mlne  coal  down  to  1-1/2  inch  size  or  less  which  is  suitable  for  the 
pulverizers.  From  the  two  crushers,  coal  is  fed  by  gravity  to  two  30  inch 
wide  belt  conveyors  No.  5A  and  No.  5B,  rated  at  500  tons  per  hour,  450  fpm. 

The  control  transfer  house  is  also  equipped  with  mechanical  dust  collecting 
equipment. 
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2. 2. 1. 3 Coal  Transport  System 

Belt  conveyors  No.  SA  and  No.  SB  feed  into  a 2,000  ton  storage  capacity  bunker 
at  an  elevation  of  150  feet  via  the  coal  tripper.  This  tripper  is  rated  at 
500  tons  per  hour,  and  can  be  fed  by  either  belt  conveyor  No.  5A  or  No.  5B, 
each  rated  at  500  tons  per  hour.  The  bunker  is  suitable  for  16  hours  of 
storage  and  is  equipped  with  a dust  suppression  system.  From  the  storage 
bunker,  the  coal  is  fed  by  large  diameter  pipes  to  weigh-feeders  which  measure 
and  distribute  the  coal  to  two  of  the  three  55  tons  per  hour  capacity 
pulverizers;  one  of  the  pulverizers  acts  as  a spare.  To  reduce  coal  dust 
problems,  a slight  negative  pressure  is  maintained  in  the  coal  preparation 
building  by  induced  draft  fans  equipped  with  high  efficiency  bag  type  dust 
collectors . 

2. 2. 1.4  Summary  of  Major  Equipment  Required,  Capacities,  and  Power 
Consumption 

The  requirements  for  types  of  major  equipment,  and  their  capacities  and  power 
consumption,  are  shown  in  Table  1. 

TABLE  1 

REQUIREMENTS  FOR  TYPES  OF  MAJOR  EQUIPMENT,  CAPACITIES, 

AMD  POWER  CONSUMPTION 


Number 

Power 

Equipment 

Required 

Capacity 

Consumption 

Pulverizers 

3 

55  tph/unit 

500  HP/ unit 

Thawing  Shed 

1 

8 car- length 

7,000  kW 

Rotary  Car  Dumper 

1 

100  ton/cars 

(TBD) 

Unloading  Hopper 

1 

300  tons 

- 

Vibrating  Feeders 

4 

1,000  tph/unit 

(TBD) 

Surge  Bin 

1 

500  tons 

- 

Crushers 

2 

500  tph 

(TBD) 

(1-1/2  inch  size) 

- 

Storage  Bunker 

1 

2,000  tons 

- 

Coal  Tripper 

1 

500  tph 

(TBD) 

The  capacity  of  the  Coal  Handling 

System  is  shown  in  Table  2. 
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TABLE  2 

CAPACITY  OF  THE  COAL  HANDLING  SYSTEM 
Belt  Belt  Speed 


Feeder  or 
Conveyor 

Size 

(Width) 

(Inches) 

Belt  Capacity 
tons/hour/each 

fpm 

Power 

Consumption 

Travel 

Distance 

(feet) 

1 

54 

1,750 

450 

<62 

2 

54 

1,750 

450 

600 

3A 

54 

1,750 

450 

150 

3B 

54 

1,750 

450 

150 

4A 

42 

1,000 

450 

600 

4B 

42 

1,000 

450 

600 

5A 

30 

500 

450 

530 

5B 

30 

500 

450 

530 

2.2.2  Piping  and  Valves 

Coal  transport  from  the  unloading  hopper  up  to  the  pulverizers  is  by  rubber 
covered  belt  conveyors.  Pulverized  coal  is  transferred  to  the  lock  hoppers 
and  to  the  combustor  either  by  carbon  steel  pipes  or  pipe  made  from  aluminum 
oxide  (A1„0_),  silicon  carbide  (SiC)  and  epoxy  resin.  The  minimum  Brinell 
Hardness  number  of  500  is  specified.  The  maximum  velocity  is  limited  to 
70  feet  per  second.  Where  high  abrasive  wear  is  anticipated,  the  pipe  and  the 
fittings  are  lined  with  95  percent  pure  rubber.  This  rubber  should  be  cold 
cured,  stabilized  and  should  not  contain  any  type  of  fillers,  heat  dissipating 
agents  or  sulfur. 

Selected  valves  are  specified  in  the  drawings  listed  under  Section  1.0.  Ail 
the  pipes  and  fittings  are  designed  in  accordance  with  ANSI  31.1  and  the 
ASME  Boiler  and  Pressure  Vessel  Code. 

2.2.3  Electrical 

The  average  electrical  power  consumption  for  the  thawing  shed  is  about 
7,000  kW  (480  volts,  3 phase,  60  Hz)  per  unit  train.  Power  requirements  for 
the  electrical  motors,  pulverizers,  and  belt  conveyors  are  listed  under 
Section  2.2.1,  Major  Equipment. 

2.2.4  Instruments,  Controls,  and  Alarms 

Instruments  are  placed  at  locations  commensurate  with  good  design  practice  to 
monitor  system  performance.  These  instruments  monitor  and  control  incoming 
coal  flow,  and  help  avoid  overloading  of  belt  conveyors,  crusher,  and 
pulverizers.  In  addition,  this  system  is  equipped  with  special  instruments 
which  will: 
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1.  Activate  infra  red  electric  heaters. 

2.  Avoid  stress  and  damage  to  the  cars  due  to  overheating  in  the  thawing 
shed. 

3.  Prevent  misalignsient  of  cars  at  the  rotary  dumping  area. 

4.  Stop  rotation  of  the  car  dumper  if  secure  clamping  of  the  car  has  not 
been  obtained. 

5.  Weigh  and  record  gross  and  tare  car  weights. 

6.  Record  pressure  and  temperature  of  the  inert  ^as  and  level  of  oxygen  in 
the  pulverizers. 

The  majority  of  the  control  switches  and  instrument  readouts  for  each 
operation  are  at  the  equipment  location.  Only  major  instrument  readouts  are 
recorded  at  the  Main  Control  Room  Computer. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Of  the  instruments  and  controls  discussed  under  Section  2.2.4,  the  following 
equipment  is  equipped  with  extensive,  accurate  protective  devices: 

1 . Electric  heaters  in  the  thawing  shed  (to  avoid  stress  and  damage  to  the 
cars  due  to  overheating) . 

2.  The  rotary  car  dumping  equipment  (to  position  car  exactly  on  the  rotary 
dumping  device  without  misalignment. 

3.  The  pressurized  lock  hoppers  (to  maintain  pressure,  temperature,  and 
inert  gas  atmosphere  to  avoid  explosion). 

3.2  HAZARDS 

Hazards  associated  with  coal  handling  systems  include  spontaneous  combustion 
of  stored  coal,  explosive  coal  dust  mixtures,  and  accumulation  of  methane  gas 
in  underground  tunnels. 

3.3  PRECAUTIONS 

Fire  detection/protection  is  included  to  handle  any  problems  with  items 
discussed  in  Section  3.2.  Ventilation  and  dust  suppression  equipment  is  also 
provided  where  deemed  necessary. 

There  are  no  special  precautions  for  the  safe  operation  of  the  Coal  Management 
System  except  close  monitoring  of  equipment,  instruments,  and  controls  for  the 
lock  hopper  feed  system  and  scheduled  testing  of  all  instruments  and  control 
systems . 
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4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Upon  arrival  of  a unit  train  at  site,  the  train  nay  pasa  through  the  thawing 
■hed  and  unloading  cycle,  or  be  stored  overnight  on  a aide  track.  Other 
equipment  described  under  Section  2.2.1  will  be  operated  as  required.  Start  up 
is  in  accordance  with  the  manufacturers  instructions. 

4.2  NORMAL  OPERATION 

During  normal  operation,  the  key  equipment  components  are  controlled  and 
monitored  from  the  main  control  room. 

4.3  SHUTDOWN 

For  scheduled  shutdown  or  forced  shutdown  for  an  extensive  period  (days),  the 
bunkers  and  lock  hoppers  are  inerted  with  nitrogen  from  the  Industrial  Gas 
Systems  to  avoid  fire. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

A complete  loss  of  fire  in  the  combustor  will  occur  if  the  pulverized  coal 
flow  is  interrupted.  The  loss  of  firr  results  in  a forced  shutdown  unless 
restored  within  approximately  (TBD)  minutes. 

5.0  MAINTENANCE 

5 . 1 SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  record  data  shown  on  direct  indicating  instruments  and 
coal  analysis  at  regular  intervals  per  shift.  The  in-house  computer 
constantly  monitors  specified  points  to  give  a running  check  on  performance 
which  can  initiate  on  alarm  if  performance  is  out  of  specification. 

Prefoimance  can  be  viewed  periodically  as  desired  in  the  plant  control  room. 

5 . 2 INSERVICE  INSPECTION 

Visual  inspection  of  all  equipment,  conveyors,  instruments,  etc.,  shall  be 
carried  out  periodically  during  system  operation  to  ascertain  that  the  subject 
equipment  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

All  equipment,  conve/ors  and  motors  shall  be  maintained  and  operated  in 
accordance  with  the  respective  manufacturer's  operating  and  maintenance 
instructions . 

Computerized  record  keeping  will  be  used  to  alert  the  operating  personnel  that 
pieces  of  equipment  need  an  overhaul,  repacking,  or  cleaning,  depending  on  the 
reco.nendations  of  the  equipment  manufacturer.  In  general,  the  part  will  be 
replaced  during  the  planned  shutdown  if  it  is  near  the  end  of  its  recommended 
life  cycle. 
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CORRECTIVE  MAINTENANCE 


5.4.1  Mtnufacturer' ■ Initructions 

A complete  file  of  instructioo  books  is  avsilsble  at  the  plant  to  guide  the 
plant  personnel  in  maintenance  of  any  piece  of  equipment.  If  necessary,  a 
representative  of  the  manufacturer  can  be  present  to  supervise  the  overhaul  or 
replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  will  supply  lists  of  recommended  spare  parts.  A certain 
percentage  (TBD)  of  these  parts  are  to  be  kept  in  inventory  at  the  plant. 
Complex  parts  requiring  long  lead  time  for  delivery  are  to  be  included  in  the 
plant  inventory. 
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1.0  FUMCTIOil  AW)  DiSKar  MQUIKEIgllTS 

This  dociMwnt  d«tcrlb«s  the  Seed  HeiugeMnt  Syetea  at  depicted  on  the  Figures 
in  end  attached  to  this  U)D(  and  on  the  following  fluid  Systeei  Diagrans  and 
Drawings : 


Drawint  Wunber  Title 


8270-1-210-007-001 
8270-1-240-002-003 
8270-1-240-002-004 
8270-1-410-302-342 
8270-1-451-302-352 
SDD-1101  (SDD-502) 

Figure  1 (SOO-504) 


Plot  Plan 

Seed  Unloading  6 Storage  Area,  Plan 
Seed  Unloading  & Storage  Area,  Section 
Seed  Feed  System 

Spent  Seed  Removal  from  HR/SR  Boiler  and  ESP 
MKD  Power  Train  System,  Assembly,  Plan  & 
Elevation 

Heat  Recovery/Seed  Recovery  System  (HR/SR) 


The  document  includes  1)  descriptions  of  system  functions,  2)  interfaces  trith 
other  systems,  3)  equipment  requiresmits , 4)  design  criteria,  5)  description 
of  components,  6)  operating  modes,  and  7)  safety  and  maintenance  requirements. 


1 . 1 FUNCTIONAL  REQUIREMENTS 


The  Seed  Management  System  1)  receives  and  unloads  fresh  seed,  2)  recovers 
spent  seed  from  the  HR/SR  Boiler  and  ESP,  3)  conveys  (and/or  trucks),  stores, 
pulverizes,  sd.xes  and  injects  prescribed  fractions  of  fresh  and  spent  seed 
into  the  MHD  combustor,  and  4)  trucks  spent  seed  to  an  off-site  location  for 
either  reprocessing  or  sale. 


1.2  SYSTEM  INTERFACES 


The  Seed  Management  System  receives  fresh  seed  via  rail  and  transports  spent 
seed  via  truck  to  an  off-site  location  for  either  seed  reprocessing  or  sale. 
Within  the  ETF,  this  system  injects  seed  into  the  MHD  combustor,  and  recovers 
seed  from  the  convective  section  of  the  HR/SR  Boiler  and  from  the  ESP. 

The  physical  equipment  that  makes  up  and  interfaces  with  the  Seed  Management 
System  is  spread  widely  about  the  ETF  Plot  Plan,  Drawing  8270-1-210-007-001. 
Therefore,  tracing  the  physical  flow  of  the  seed  is  perhaps  the  best  method  of 
locating  equipment  and  interfaces.  In  the  Seed  Management  System,  the  flow  of 
seed  includes  the  following: 

1.  Delivery  of  fresh  seed  in  sealed  railroad  cars  to  the  Seed  Unloading 
Facility,  Item  37.  (Design  is  for  a fresh  seed  siqiply  of  potassium 
carbonate,  although  the  system  can  handle  a mixed  seed  consisting  of 
potassium  carbonate/potassinm  sulfate). 

2.  Storage  of  both  fresh  and  spent  seed  in  the  kilos  of  the  Seed  Unloading 
Facility,  Item  37. 

3.  Conveying  of  seed  from  the  silos  of  Item  37  to  the  Seed  Feed  Building, 
Building  35. 
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4.  PntwMtic  traatport  of  pulvorliod  oood  froa  Bulldiag  35  to  tho  WD 
coabttotor  locatod  ia  the  HKD  Buildlat,  Baildiag  34. 

5.  Rocooory  of  apoat  aood  froa  tte  coaotctioo  paoa  of  HR/SI  Boilor  la 
Bulldiaf  33t  oad  froa  tho  K8P,  Itoa  41. 

6.  Paeuaotic  traatport  of  tilt  apoat  aood  froa  Bulldiag  33  aad  Itoa  41  to  tho 
Spoat  Sood  aad  Fly  Aah  Siloa,  Itoa  19. 

7.  Truck  delivery  of  apoat  aood  froa  Itoa  19  to  aa  off-aito  locatioa  for 
either  aood  roproceaaiag  or  aalo. 

8.  Truck  delivery  of  apoat  aood  froa  Itoa  19  back  to  a ailo  ia  tho  Sood 
Ualoadiag  Facility,  Itoa  37. 

1.3  DESIGR  CRITERIA 

Deaiga  criteria  iacludo  the  aood/aah  flow  roquiroaeata , proaauro'teaperature 
ratiaga,  aad  ayatea  liaita  apocifiod  ia  tho  BTF  ORD  Thoae  are  ahova  oa  the 
ETF  Syatoa  Heat  aad  Haaa  Balaaco,  Drawiag  8270*1*540-314*001  aad  evolved  froa 
the  detailed  Cheaical  Equilibriua  Calculatioaa  (CEC)  deacribod  in  Appendla  B, 
"ETF  SEED  MAHAGEMENT  TASK  • ESTIMATE  OF  COMSERSATE  AMD  SOLIDS  FLOW  RATES". 

The  phyaical  coaditioa  of  the  apoat  aood  loaviag  the  HR/SR  haa  aot  boon 
eitaMfohed.  For  the  purpoae  of  thia  Syatoa  Deaiga  Deacriptioa,  it  ia  aaauaed 
that  the  apmt  aood  froa  both  tho  HR/SR  Boiler  aad  the  ESP  can  handled  by 
equipaent  available  for  handling  fly  aah.  In  addition,  it  ia  aaauaed  that 
there  are  negligible  differencea  in  cheaical  coapoaition  between  the  apent 
aeed  leaving  the  HR/SR  Boiler  convective  paaa  and  the  apent  aood  leaving  the 
ESP. 

Two  Seed  Hanageaent  Syateaa  were  conaidered  in  the  analyaia  of  ^>pendix  B, 
naaely,  1)  Once*Through  Flow  of  Freah  Seed  and  2)  Partial  Recycle  of  Recovered 
Seed.  The  criteria  uaed  to  aelect  a preferred  proceaa  were  aa  followa: 

1.  Freah  aeed  input  flowa  and  coata  ahall  be  ainiaal,  and  preferably  of  a 
aingle  cheaical. 

2.  Off-aite  ahipping  and  roproceaaiag  flowa  and  coata  ahall  be  ainiaal. 

The  Partial  Recycle  of  Recovered  Seed  ayatea  fulfilled  all  of  the  above 
criteria,  and  the  Once-Through  Flow  of  Freah  Seed  fulfilled  none.  Hence,  the 
Partial  ^cycle  of  Recovered  Sood  waa  aoloctod  for  the  reference  deaign  and  ia 
deacribcd  in  thia  Syatea  Deaign  Deacriptioa. 

The  oace-through  flow  of  freah  aeed  arrangoaent  ia  deairablc  for  initial  ETF 
startup  and  initial  ETF  teating  (runa  of  10  houra  duration  or  leas).  It  can 
also  be  iapleaontod  using  tho  exact  equipaent  required  for  the  reference 
Partial  Recycle  of  Recovered  Seed  ayatea.  The  Once-Through  Flow  variant  ia 
described  briefly  ia  <^p«ndix  B. 
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laginMiriBt  tetign  crittria  for  all  discipliaat  art  in  accordaaca  with 
applicablt  codaa»  atandarda,  rogulationa  and  guitea  by  gowar— antal  aganciaa, 
rwcogttisad  atai^r4a  organinatioaa » and  Gilbart  Aaaociataa,  lac. 

1.3.1  Codaa  and  Standarda 

gyaton  anginaaring  daaign  ia  in  accordanca  with  applicabla  codaa,  atandarda, 
and  gttidaa  iaauad  by  tha  following  organisationa: 

1.  MMrican  National  Standarda  Xnatituta  (ANSI) 

2.  Aaarican  Sociaty  of  Hachanical  Enginaara  (AStS) 

3.  Aaarican  Sociaty  for  Taating  and  Hatariala  (A8TM) 

4.  Aaarican  Welding  Sociaty  (AWS) 

5.  Manufacturara  Standardisation  Sociaty  of  tha  Vilva  and  Fittings  Industry 
(N88) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Aiteinistration  (OSHA) 

8.  Instruaent  Sociaty  of  Aaerica  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

1.3.2  Desitn  Paraneters 

The  design  pressures  and  tenperatures  are  taken  froM  the  ETF  DRD,  the  EIT 
Systen  Heat  and  Hass  Balance,  Drawing  8270-1-540-314-001,  and  froa  the  results 
of  Appendix  B as  shown  in  Figure  1.  Solids  conveying  equipaant  is  sised  based 
on  the  flow  rates  datemined  froa  the  above. 

2.0  DESIGN  DESCRIPTION 

The  Seed  Hanageaant  Systea  consists  of  solids  recovery,  conveying,  injection 
and  storage  equipaant.  The  aajor  equipaant  coaponenta  are  discussed  in  the 
Detailed  Description  of  Section  2.2. 

2 . 1 SUMMARY  DESCRIPTION 

The  Seed  Manageaent  Systea  is  designed  to  inject  seed  into  the  HHD  coabustor 
and  to  recover  spent  seed  froa  the  convective  section  of  the  HR/SR  Boiler  and 
the  ESP  for  off-site  shipaent  and  reprocessing.  It  is  also  designed  for 
partial  recycle  of  recovered  seed  for  re-inJection  into  the  MHD  cort>uator. 
Fresh  seed  is  potassiua  carbonate  (K2CO.)  and  has  a dual  role  in  the 
coal-fired  HHD  potwr  systen.  Kte  prinary  requireaent  for  feed  is  to  provide 
the  necessary  plasaa  electrical  conductivity.  The  K2CO-  seed  also  cheaically 
coabines  with  SO.  in  the  flue  gas  foraed  froa  the  coll  sulfur  to  fora  K^SO^ 
and  thus  eliainates  SO,  frim  the  products  of  coabustion. 
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Seed  it  considered  spent  sfter  exitini  the  MHD  Power  Train.  Figure  1 shows 
the  Bsss  flow  disgresi  for  the  Partial  Recycla  of  Recovered  Seed.  Slag  is  the 
primary  conatituent  reaoved  in  tha  Conhuator  and  Radiant  Boiler.  Very  little 
seed  condenses  in  these  units.  Sqm  potassiua  is  cheaically  bound  to  the 
Radiant  Boiler  alag  (3.5  percent).  This  potassiiSB  cannot  be  econoaically 
recovered  due  to  the  fotMtion  of  insoluble  potaaaiusi  alusdnua  silicates,  and 
is  therefore  discarded  with  the  slag. 

Seed  first  condenses  in  the  Afterburner  Section  of  the  Radiant  Boiler  (see 
Figure  1 of  SSD-504)  under  oxidising  conditions  (as  liquid  potassiun  sulfate 
at  2,400*F).  In  the  Intensediate  Tenperature  Oxidant  Heater  of  the  HR /SR  at 
1,593*F,  the  sulfate  has  solidified  and  solid  potassiun  carbonate  also 
appears.  Seed  deposition  continues  and  is  nost  critical  in  the  Reheater 
Section  of  the  HR/SR.  Seed  deposits  in  these  aress  will  be  carried  through 
and  incorporated  with  seed  collected  by  the  seed  hoppers  (see  Drawing 
8270ol-451*-302-352)  either  in  the  HR/SR  Boiler  convective  pass  or  the  ESP. 
After  passing  through  the  HR/SR,  the  gas  enters  the  ESP,  «diere  final  seed 
collection  and  particulate  rosoval  occurs  as  shown  on  Figure  1 of  SIH)*S04. 

Particulate  losses  are  kept  at  levels  to  Met  EPA  1979  New  Source  PerfocMnce 
Standards.  These  PerfotMnce  Standards  for  fossil  fired  steaai  generators 
linit  particulate  enissions  to  0.03  pound  per  Billion  Btu  of  heat  input  to  the 
HHD  CoBbustor.  Since  this  requiteMnt  is  Bore  stringent  than  potass im 
recycle  requironents , the  design  collection  efficiency  for  the  cleanup  systen 
is  detensined  by  EPA  standards. 

Should  fresh  seed  be  supplied  by  regeneration  of  ETF  seed,  this  operation 
would  be  done  off'Site  and  the  process  equipMnt  for  this  would  not  be  part  of 
ETF  equipaent  and  equipaent  costing.  Sufficient  fresh  seed  flow  of 

7,992  Ib/br  ia  required  to  capture  the  sulfur. 

For  the  fraction  of  the  seed  to  be  recycled,  the  seed  is  collected  and  stored 
in  the  Spent  Seed  and  Fly  Ash  Silos  for  recycle  (via  truck)  to  the  coBbustor 
without  renoving  ash  or  ii^urities.  The  level  of  ash  and  iapurities  buildup 
in  the  seed  is  not  severe  enough  to  require  ash  separation  or  other  on-site 
processing  steps. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaent  Sections 

The  following  suBMrizes  the  aajor  equipaent  sections  included  in  the  Seed 
Hanagenent  Systea. 

2. 2. 1.1  Fresh  Seed  Unloading  And  Storage 

The  location  of  the  seed  unloading  and  storage  area  is  depicted  as  Itea  37 , 
Seed  Unloading  Facility,  on  the  MHD  Plant  Plot  Plan, 

Drawing  8270-1-210-007-001,  Figure  2 shows  the  process  flow  diagraa  for  fresh 
seed  unloading,  seed  aixing,  pulverizing,  storage  and  injection  for  the 
reference  systea  in  which  there  is  a Partial  Recycle  of  Recovered  Seed. 
Drawings  8270-1-240-002-003  and  8270-1-240-002-004  show  plan/section  views  of 
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the  ixesh  »eed  unloading  and  atorage  area.  Potaaaiia  carbonate  la  delivered 
to  the  plant  by  aealed  cara  and  ia  poured  into  freah  aeed  receiving  pita. 
Potaaaiun  carbonate  ia  hygroac^ic  and  nust  be  iaolated  fron  aoiaturc  during 
unloading  and  atorage. 

The  Seed  Ihiloading  Facility  (Iteai  37)  is  located  on  a rail  line  next  to  the 
Seed  Feed  Building,  Building  35.  The  dunper  track  ia  provided  with  an 
unloading  ahed  to  prevent  the  F.CO.  fron  picking  up  noiature.  Full  redundancy 
is  provided  in  the  unloading  aira  delivery  ayaten  to  keep  19  with  naxiniin  aeed 
feed  rate.  Dust  collection  and  ai^reasion  ia  provided  at  the  unloading  and 
transfer  points. 

Potassitoi  carbonate  is  noved  to  a 10  day  storage  silo  by  screw  conveyors. 

The  fresh  K_C0^  aeed  passes  through  an  "as  received"  sanpling  point  in  transit 
to  the  storage'^area . The  K.SO.  spent  seed  is  trucked  fron  the  Spent  Seed  and 
Fly  Ash  Silos  through  an  "as- received"  sanpling  point  in  transit  to  the 
storage  area.  .The  potassiun  carbonate  and  recycled  potaaaiun  sulfate  are 
stored  in  separate  silos  which  are  provided  with  screw  conveyors.  Each  screw 
conveyor  is  designed  for  75  tph  delivery  and  20  tph  reclain  rate.  The  silos 
are  sized  for  a nininum  of  10  days  of  K^CO.  and  5 days  of  K,S0.  atorage  at 
full  load  as  shown  in  Drawing  8270'1«240«002*004  and  Figure^2.^ 

2. 2. 1.2  Seed  Feed  Systen  (Pulverizing,  Mixing  and  Injection) 

The  equipnent  of  the  Seed  Feed  Systen  processes  seed  fron  the  storage  silos 
for  injection  into  the  MHD  conbustor.  This  equipnent  is  shown  on  Drawing 
8270-l-4l0-302>342,  and  is  located  in  the  Seed  Feed  Building,  Building  35,  of 
Drawing  8270-1-210-007-001. 

Fresh  and  recycled  seed  are  reclained  by  screw  conveyors  fron  the  K-CO.  and 
^SO,  storage  silos  and  conveyed  to  the  and  reclain  hopperS.  The 

K^Co!,  and  K^SO^  flows  are  netered  and  pulverized  separately  and  nixed  at  the 
outlet  of  tne  pulverizers. 

Between  the  pulverizers  and  the  conbustor,  all  seed  feeding  equipnent  is  in 
duplicate  and  interconnected  for  switchover.  Hereafter,  only  one  flow  path  is 
described.  Fron  the  seed  netering  bunker,  seed  fed  to  the  pulverizer  is 
regulated  by  the  feeders.  The  specially  designed  pulverizer  grinds  seed, 
along  with  a snail  fraction  of  slag,  to  a fineness  passing  at  least  70  percent 
through  a 200  nes^  screen.  The  transport  air  fron  the  air  dryer  (at  about 
18  psia  in  ratio  of  5 lb.  of  seed  to  1 lb.  of  air)  transports  pulverized  seed 
to  the  cyclone  collectors  operating  at  atnospheric  pressure.  Piping  returns 
the  noist  air  to  the  air  dryer. 

The  pulverized  dried  seed  is  transferred  through  pneunatic  valves  and  feeders 
to  the  depressurized  lock  hopper  (50  ton  capacity),  while  the  other 
pressurized  lock  hopper  (50  ton  capacity)  is  feeding  seed  to  the  continuously 
pressurized  prinary  injector  (50  ton  capacity).  The  seed  enters  the  prinary 
injector  without  interrupting  the  continuous  injection  of  seed  fron  the 
prinary  injector  to  the  conbustor.  The  cyclone  collector,  lock  hopper  and 
prinary  injector  are  stacked  vertically.  Dry  air  is  provided  at  the  bottms  of 
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the  lock  hoppers  end  priaery  injectors  to  svoid  plugging  the  outlets.  About 
0.035  lb.  of  high  pressure  oxidant  to  1 lb.  of  seed  transports  seed  froa  the 
prinary  injector  to  the  eater  cooled  seed  injector  located  near  the  toid>ustor 
exit  (see  Drsving  S1H)*1101,  of  8n>*502).  The  oxidsnt  is  taken  from  the 
oxidant  coapressor  outlet  at  a teaperature  of  433*F.  The  Differential 
Pressurixed  Cell  (DPC)  balances  the  sir  pressure  between  the  prinary  injector 
outlet  and  the  seed  feed  line.  The  signals  froa  the  coabustor  burner  control 
regulate  the  speed  of  the  seed  feeder  and  the  flow  of  the  high  pressure 
oxidant  to  the  coabustor  (see  Diagraa  8270*1*410*302*342.) 

The  equipnent  required  includes  the  following: 

Tandoi  Sealed  Duap  Car  Site 
Unloading  Shed 
Train  Positioners 
Track  Hopper 
Belt  Feeders 

Saapling  Systea  "As  Received" 

Storage  Silos 
Screw  Conveyors 
Hoppers  and  linkers 
Pulverizers 
Belt  Scales 

Bag  Filters  and  Exhausters 

Cyclone  Collectors 

Lock  Hoppers 

Priaary  Injectors 

Shutoff  Gates  and  Slide  Gates 

Chutes  and  Bins 

2. 2. 1.3  Spent  Seed  Recovery 

Seed  is  collected  froa  the  downstreaa  end  of  the  convective  section  of  the 
HR/SR  Boiler  and  froa  the  ESP.  A saall  fraction  of  ash  is  collected  with  the 
seed  at  these  locations.  No  attenpt  is  aade  to  recover  the  saall  fraction  of 
seed  cheaically  ccMsbined  with  the  Coabustor  and  Radiant  Boiler  slag. 

The  seed  leaving  the  HR/SR  Boiler  convective  pass  is  assisaed  to  be  siailar  to 
fly-ash;  therefore  no  size  reduction  equipaent  has  been  included.  If  this 
aaterial  is  significantly  coarser  than  fly-ash  then  it  nay  be  necessary  to 
install  size  reduction  equipaent  at  the  outlet  of  the  HR/SR  convective  pass 
seed  hoppers. 

The  equipaent  required  includes  the  following: 

Bottoa  Seed  Hoppers 
Pressurized  Air  Lock  Feeders 
Piping  and  Valves 

2. 2. 1.4  Spent-Seed  Collection,  Conveying,  and  Storage 

Spent  seed  contaninated  with  fly  ash  is  collected  continuously  froa  the  HR/SR 
Boiler  and  ESP.  The  flow  rates  are  shown  in  Figure  1.  Detailed  cosq>osition  of 
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these  flout  it  given  in  Table  B2.  The  spent  teed  exit  toiperature  it  about 
480"F.  The  MxiauB  flow  rate  of  the  spent  teed  sixture  it  27,889  Ib/hr  with 
11.068  Ib/hr  being  shipped  off^tite  and  16,812  Ib/hr  being  recycled. 

Hot  dry  teed  it  collected  froti  the  HR/SR  convective  section  and  the  ESP  via  a 
high  teq>erature  hopper/feeder  tyttea,  and  it  conveyed  to  the  Spent  Seed  and 
Fly  Ash  Silos  (Iteai  19  of  Drawing  8270'1>210>007*001).  Fro*  these  tilot,  the 
fraction  of  spent  teed  that  it  to  be  recycled  it  noved  by  truck  to  the  Seed 
Unloading  Facility  (Itea  37  of  Drawing  8270>1-210*007-001) . The  reaaining 
fraction  it  trucked  off-site  for  either  reprocessing  or  tale.  Equipaent  for 
spent  teed  collection  it  shown  on  Drawing  8270-1-451-302-352,  and  on  Figure  3. 

The  spent  seed  aixture  is  conveyed  in  a sequential  pattern  frcso  these  hoppers 
through  one  of  the  two  air  lock  feeders  into  a positive  pressure  conveying  air 
streaa  to  the  spent  seed  silos. 

The  conveying  air  is  furnished  by  one  of  two  100  percent  capacity  positive 
displaceaent  blowers.  The  air  is  vented  froa  the  silo  through  a bag  filter  to 
aeet  the  EPA  1979  Mew  Source  Perforaance  Standards  (MSPS).  The  on-site  spent 
seed  silos  located  in  the  Spent  Seed  and  Fly  Ash  Silo  area  (Itea  19  of  Plot 
Plan)  are  sized  to  contain  150  tons  of  spent  seed  aixture,  which  equals  an 
18  hour  supply  for  recycle  to  the  Seed  Feed  Systea/HHD  Coabustor  and  is 
intended  to  provide  extra  capacity  for  surge  and  eaergency  storage. 

The  following  represent  the  aajor  aechanical  equipaent  for  spent  seed 
handling: 

Air  Operated  Handling  Valves 
Conveying  Air  Blowers 
Air  Heaters 
Storage  Silos 

Bag  Filters  and  Exhausters 
Dustless  Unloader 
Dry  Unloaders 
Piping 


2.2. 1.5  Spent  Seed  Shipaent  and  Off -Site  Reprocessing 

The  recoverablec  from  the  HR/SR  Boiler  and  ESP  are  pneuaatically  conveyed  to 
the  spent  seed  silos,  as  shown  in  Drawing  8270-1-451-302-352.  The  recycled 
spent  seed  is  conveyed  through  dry  unloading  flexible  spouts  to  trucks  for 
transfer  to  the  Storage  Silo.  The  spent  seed  that  is  to  be  sold  or 

reprocessed  off-site^is  transferred  to  trucks  via  the  rotary  dustless  unloader 
shown  on  Drawing  8270-1-451-302-352. 

2.3  INSTRUMENTS,  CONTROLS,  AND  ALARMS 

The  Seed  Manageaent  Systea  is  provided  with  instruaentation  for  sensing  solids 
flow,  pressure,  and  teaperature  at  selected  points  to  aonitor  systea 
performance. 
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REFERENCE  DESIGN  WITH  K2SO4  RECYCLE 


SPENT  SEEI,  LB/MR  27.  BN 

SPENT  SEEI  TO  OFF-SITE  REPMCESSING  11. IN 

6R  SALE  LI/HR 

RECYCLE  TO  CONBUSTOR  LB/HR  16.821 

FIGURE  3 

SPENT  SEED  RECOVERY 
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3.0  SYSTEM  PROTECTION  AWP  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  Mjor  equipaent  operating  liaita,  equipaent  redundancy , and  protective 
device!  are  described  and  included  in  Section  2.2. 

The  standard  safeguards  for  enclosed  aoving  screws  and  conveying  systeas  are 
eaployed.  An  interlock  systea  coupled  with  protective  aechanical  guard 
systeas  assures  safe  operation  of  screw  conveyors  and  aoving  equipaent. 

The  safety  and  health  regulations  presently  governing  the  handling  of 
potassiua  sulfate  coapounds  and  coal  ash  compounds  will  be  followed. 

3.2  HAZARDS 

Special  personnel  hazards  (biological  - such  as  those  affecting  respiration, 
eyes,  throat,  etc.)  are  considered  to  exist  in  the  Seed  Manageaent  Systea 
beyond  those  noraally  associated  with  aaterials  handling  of  solids  in  the 
200"F  tc  600*F  range.  Standard  conditions  for  handling  fly  ash  and  potassiun 
sulfate  and  potassiua  carbonate  will  be  followed. 

3.3  PRECAUTIONS 

Standard  safeguards  for  eaq>loyee  protection  used  for  conveyors  and  aaterlal 
transport  systeas  will  be  followed.  Recoaaended  safeguards  to  ainiaize 
eaployee  exposure  will  be  followed.  All  equipaent  for  handling  K.SO^,  K2C0^ 
and  fly  ash  will  be  selected  to  coap}y  with  Federal,  state  and  local 
environsMntal  regulations.  Seed  aateri^l  trucked  off 'site  is  watered  down  in 
a rotary  dustless  unloading  systea  to  aeet  Federal,  state  and  local 
regulations . 

A.O  MODES  OF  OPERATION 

4.1  STARTUP 

4.1.1  Startup  After  Prolonged  Downtiae 

System  check-out  and  startup  after  a prolonged  downtiam  requires  a somewhat 
longer  time  than  noraal  startup.  Extra  checks  aust  be  Bade  to  assure  all 
maintenance  and  equipaent  asseably  work  is  cosiplete.  The  equipaent  and 
operating  conditions  that  are  to  be  checked  are  as  follows: 

Dust  Leakage 

Material  Build-up  in  Filters  and  Receivers 
Low  CoiQ>ressed  Air  Pressure 
Rotating  Equipment 
Accessory  Equipment 

Most  of  this  check-out  work  is  done  while  conveying  rates  are  aeasured.  Rates 
are  determined  by  weighing  all  material  entering  the  systea.  In  addition, 
down  times  during  facility  testing  are  recorded  during  the  testing  period  in 
order  to  obtain  actual  operating  tines  for  all  feeders. 
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4.1.2  Nomal  Startup 

The  followiag  startup  procedure  it  followed  for  all  pueuMtic  conveyiug 

ays teas : 

1.  Check  that  the  low  level  alans  at  each  receiving  bin  indicate  that 
Material  can  be  received. 

2.  Set  the  diverter  gates  for  eq>ty  hoppers  so  that  the  aaterial  will  flow 
to  the  correct  hopper. 

3.  Start  the  blower  to  establish  air  flow  through  the  conveying  line. 

4.  Start  the  equipaent  that  feeds  the  Material  into  the  conveying  systoi. 

Start  the  air  flow  first  and  stop  it  last  to  avoid  trapping  Material  in  the 
lines.  Avoid  overfeeding  or  underfeeding  screw  feeders;  overfeeding  aay  be 
evidenced  by  bloving  relief  valves  and  by  the  backing  up  of  Material  into  the 
rotary  feeder,  whereas  underfeeding  aay  be  signaled  by  the  failure  of  the 
pneuaatic  conveying  systea  to  coae  up  to  the  design  vacuua  or  pressure. 

4.2  NORMAL  OPERATION 

The  noraal  load  range  of  the  Seed  Hanageaent  Systea  follows  the  deaands  of  the 
HHD  coabustor  and  HR/SR  systea  with  nominal  flows  as  sho%m  on  Figure  1.  The 
Seed  Hanageaent  Systea  operates  satisfactorily  with  ainlaua  operator  action  in 
the  event  of  load  changes  in  the  systea. 

4.3  SHUTDOWN 

In  a noraal,  controlled  shutdoim  the  conveying  systeas  are  e^>tied  to  solid 
storage  locations  followed  by  proper  sealing  of  pressure  locks.  In  an 
eaergency  shutdown,  the  pressure  locks  will  be  sealed  after  emptying  the 
system  to  solid  storage  locations  to  the  estent  possible.  Care  is  taken  to 
stop  the  air  flow  last  so  that  no  material  is  trapped  in  any  part  of  the 
conveying  systea.  Both  process  control  computer  and  operator  attention  are 
required  to  confira  proper  functioning  of  the  purging  or  clean'out  systeas. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

The  Seed  Management  Systea  is  equipped  with  manual  controls  for  special 
procedures  requiring  non-routine  operation.  Eaergency  overrides  are  included 
along  with  system  isolation  valves  and  lockout  systeas  to  permit  eaergency 
repair  or  inspection. 

The  equipaent  employed  in  the  Seed  Management  Systea  can  readily  be  adjusted 
to  a once-through  flow  of  fresh  seed  (e.g.,  aimed  potassium  sulfate/potassiua 
carbonate).  Such  operation  aay  be  desired  for  initial  ETF  "shake-down"  and 
for  ETF  test  runs  of  less  than  10  hours  duration.  The  dominant  mass  flows  for 
such  operation  are  shown  in  Figure  B2  of  Appendix  B.  Since  ordinary  recycle 
of  seed  in  the  Seed  Management  System  is  accomplished  at  the  ETF  by  on-site 
trucks,  once-through  flow  merely  consists  of  deleting  this  truck  transfer 
operation. 


12 


SDD-342 


5.0  WAIHTEWANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

A process  control  coaputer  aonitors  significant  data  points  in  the  Seed 
Hanageaent  Systea  concurrent  vith  the  systeas  autoaatic  controls.  Alaras  will 
alert  plant  operating  personnel  to  any  off-deaign  perforaance  or  operation. 
Periodic  calibration  and  aaintenance  are  carried  out  on  all  analog  and  digital 
instruaentation  to  verify  coaputer  readout. 

5.2  INSERVICE  INSPECTION 

Equipaent,  including  conveyors,  valves,  controls,  gauges,  etc.,  shall  be 
inspected  periodically  to  verify  that  the  equipaent  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Coaputerized  record  keeping  will  be  used  to  alert  the  operators  that  certain 
pieces  of  apparatus  need  periodic  overhaul,  repacking,  etc.,  in  accordance 
with  recoaaendations  froa  the  equipaent  aanufacturer.  In  general,  the  part 
will  be  replaced  or  acdified  during  a planned  shutdown,  if  required. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer  * s Instructions 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 
plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipaent.  If 
necessary,  a representative  of  the  aanufacturer  can  be  present  to  supervise 
the  overhaul  or  replaceaent  of  plant  equipaent. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  supply  lists  of  recosssended  spare  parts.  Critical  parts 
will  be  kept  in  inventory  at  the  plant.  Coaplex  parts  requiring  long  lead 
tine  for  delivery  are  included  in  the  plant  inventory. 
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APPENDIX  B 

ETF  SEED  MANAGEMENT  TASK  - ESTIMATE  OF  CONDENSATE  AND  SOLIDS  FLOW  RATES 
INTRODUCTION 


A Cheaical  Equilibrium  Calculation  (CEC)  using  the  ETF  design  coal  was  made. 
The  coal  analysis  used  in  the  CEC  study  is  given  in  Table  Bl.  Pressures, 
teBq>eratures , and  material  inputs  were  taken  from  the  ETF  Heat  and  Hass 
Balance,  Drawing  8270-1-540-314-001. 

Because  of  the  chemical  changes  that  occur  along  the  HHD  flow  path,  the 
amounts  and  compositions  of  the  condensates  present  at  any  state  point  are 
different  iintil  the  temperature  drops  below  about  1,400**F.  At  this  point, 
the  system  composition  is  essentially  frozen.  Therefore,  although  additional 
condensation  may  occur  at  lower  temperatures,  the  composition  of  the 
condensate  does  not  change. 

In  order  to  resiove  material  from  the  system,  it  must  be  in  a condensed  phase, 
i.e.,  liquid  or  solid.  At  tesqieratures  above  1,400°F  some  of  the  constituents 
normally  considered  as  ash  at  room  temperature  are  not  condensed,  but  are  in 
the  vapor  phase.  Examples  are  the  oxides  of  calcium,  magnesium,  or  sodium. 
Some  ccMspounds  of  these  elements  may  be  present  as  condensates,  such  as 
magnesium  silicate,  but  magnesium  may  still  be  present  in  the  vapor  phase. 

In  Figures  Bl  and  B2  below,  the  term  "ash"  is  used  to  designate  only  the 
condensed  phases  which  may  not  contain  all  of  the  ash  forming  species  fed  into 
the  system.  Therefore,  since  only  condensed  phases  are  represented,  and  these 
are  changing  in  composition  and  amount,  a simple  mass  balance  is  not  possible 
from  the  data  in  these  Figures. 

The  CEC  analysis  showed  that  condensate  and  solids  removed  from  the  Primary 
Combustor  and  the  Radiant  Boiler  are  predominantly  ash.  At  the  Combustor,  65 
percent  of  the  incoming  coal  ash  (88  percent  of  the  condensed  phase  present) 
is  removed.  Another  11.8  percent  of  this  incoming  coal  ash  (86  percent  of  the 
condensed  phase  present)  and,  when  present,  10  percent  of  the  recycled  ash  are 
removed  at  the  Radiant  Boiler  along  with  a slight  fraction  of  "tied-up"  seed. 

A smaller  proportion  of  the  recycled  ash  is  removed  because  more  of  this  ash 
is  in  the  vapor  phase  than  is  the  fresh  ash.  Recycling  concentrates  the  more 
volatile  constituents  of  the  fresh  ash  which  are  not  removed  from  the 
Combustor  into  the  recycled  ash. 

Removal  of  the  seed  dominated  flow  streams  occurs  in  the  convective  section  of 
the  HR/3R  and  in  the  Electrostatic  Precipitator  (ESP).  Two  sets  of 
calculations  were  performed  to  assess  1)  the  effect  of  using  a sufficient 
amount  of  the  recovered  seed  (contaminated  with  fly  ash)  to  provide  the 
potassium  sulfate  seed-fraction  input  required  by  the  combustor  and  2)  the 
effect  of  using  once- through  flow  of  fresh  seed  with  no  on-site  recycling. 

The  partial  recycle  of  recovered  seed  was  selected  as  the  mode  of  operation 
for  design  of  the  reference  ETF  Seed  Management  System. 
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TABLE  B1 
ETF  DESIGN 

COAL  AMALYSIS  USED  IN  CHEMICAL  EQUILIBRIUM 
CALCULATIOHS  OF  THE 
SEED  MANAGEMENT  SYSTEM 


Coaponent 

Carbon 

59.  A5 

Carbon  Dioxide 

18.04 

Hydrogen 

4.25 

Nitrogen 

0.97 

Oxygen 

2.46 

Sulfur 

1.05 

Water 

5.00 

AluBinuB  Oxide 

1.91 

CalciuB  Oxide 

1.21 

Ferric  Oxide 

0.56 

Potaaiiua  Oxide 

0.06 

HagnesiuB  Oxide 

0.44 

Silicon  Dioxide 

4.22 

SodiUB  Oxide 

0.34 

Phoiphorous  Pentoxide 

0.04 

Ash 

10.70 

HHV  (Btu/lb) 

10,960 
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FIGURE  Bl 

DOMINANT  FLOWS  (IN  LB/HR)  IN  THE  ETF  REFfRENCE  SEED  MANAGEMENT 
SYSTEM  WHICH  EMPLOYS  PARTIAL  RECYCLE  OF  RECOVERED  SEED 


IIM22  COAL 
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ORIGIMAL  PACF. 

OF  POOR  QUALrtY 


Ft  SURE  B2 

DOMINANT  FLOWS  (IN  LB/HR)  IN  TH€  ETF  SEES  MANAGEMENT  SYSTEM  WITH 
BNCE-TWR0UOH  FLOW  IF  FRESH  SEED 
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PARTIAL  RECYCLE  OF  RECOVERED  SEED 


Fiture  B1  showt  the  doainent  seed  and  ash  flow  paths  in  the  ETF  when  a 
aufficient  fraction  of  recovered  aeed  is  recycled  to  the  Coabustor  so  as  to 
require  a fresh  supply  of  only  potassiua  carbonate.  Steady  state  equilibriua 
is  essentially  obtained  after  five  cycles  of  seed  flow.  Coq>osition  and 
states  of  the  seed  and  ash  are  given  in  Table  B2. 

Since  the  recycle  seed  is  introduced  near  the  Coabustor  exit,  the  Coabustor 
slag  rejection  is  unaffected  by  the  recycle  ash  in  the  recovered  seed  flow. 
Liquid  potassiiuB  sulfate  seed  condenses  first  in  the  HR/SR,  followed  by 
solidification  and  the  appearance  of  solid  potassi\ia  carbonate  in  the 
Intermediate  Temperature  Oxidant  Heater  Section  of  the  HR/SR.  Only  the  seed 
at  the  downstream  end  of  the  HR/SR  is  recovered.  A small  fraction  of  seed  is 
lost  the  to  the  system  as  a result  of  being  chemically  combined  with  the  slag 
rejected  from  the  Radiant  Boiler. 

At  the  ESP,  78.82  percent  of  the  solids  in  the  flue  gas  are  seed  coispounds. 

Of  the  27,889  Ib/hr  of  seed  reotoved,  16,821  Ib/hr,  or  60  percent  can  be 
recycled  to  the  Combustor.  The  makeup  potassiua  carbonate  is  7,992  Ib/hr 
compared  to  8,209  Ib/hr  for  a once-through  flow  of  seed.  This  results  from 
the  217  Ib/hr  of  K^CO^  in  the  recycle  stream.  The  potassiua  in  the 
aluminosilicate  co^ounds  is  also  available,  since  it  will  be  vaporized  at 
channel  teo^eratures  but  its  amount  (65  Ib/hr)  is  negligible  compared  to  the 
total  potassium  requirement  of  10,450  Ib/hr.  The  recycle  stream  contains 
3,537  Ib/hr  of  *'ash". 

The  fly  ash  disposed  of  (40  percent  or  11,068  Ib/hr),  plus  the  ash  removed 
from  the  Radiant  Boiler,  and  the  55  Ib/hr  passing  through  the  stack, 
equivalent  to  the  EPA  emission  standard  of  0.03  gr./scf,  will  contain 
3.14  percent  of  the  seed  potassiua  tied  up  in  the  aluminosilicate,  compared  to 
the  2.68  percent  for  once-through  flow  of  seed. 

Partial  recycling  of  the  recovered  seed  has  several  effects.  The  recycled 
seed  contains  ash  which  has  the  effect  of  increasing  the  ash  in  the  channel 
and  downstream  components  to  the  equivalent  of  a coal  with  12.8  percent  ash 
instead  of  10.7  percent  ash.  This  reduces  the  plasma  tesiperature  by  an 
insignificant  15®F  and  the  conductivity  by  4.6  percent.  The  recycled  seed/ash 
increases  mass  flow  in  the  channel.  At  steady  state,  about  50  additional 
pounds  of  recycled  seed/ash  is  required  because  of  the  increased  mass  flow. 

No  additional  potassium  carbonate  is  required  since  no  additional  new  sulfur 
is  added  by  the  recycle  stream. 

This  analysis  of  the  partial  recycle  case  was  carried  out  in  order  to 
establish  a preferred  mode  of  operation  with  respect  to  the  use  of  recycled 
seed  within  the  seed  manageaient  subsystem.  It  was  beyond  the  scope  of  the 
seed  management  study  to  rebalance  the  entire  ETF  system  assuming  the 
injection  of  recycled  seed.  For  this  reason  the  once-through  seed  injection 
rate  is  shown  on  the  system  heat  and  mass  balance  diagram  (Drawing 
8270-1-540-314-001. 
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TABLE  B2 

COMPOSITIOK  AND  STATE  OF  FLOWS  REMOVED  AS  SEED  AND 
ASH  FOR  THE  PARTIAL  RECYCLE  OF  SEED 


(Weight  X) 

Convective 

Section  ESP 

Priaary  Coabuttor  Radiant  Boiler  HR/SR  (aainly 


State  Point 

(aainly  aah) 

(aainly  aah) 

(aainly  seed) 

■eed) 

Teaperature  C*F) 

3,462 

2,190 

481 

481 

AljO, 

S*  23.58 

S 2.15 

S 0.47 

S 0.47 

CaC03 

S 1.08 

S 1.08 

CaO 

S 15.09 

S 10.47 

FeO 

L 2.95 

S 19.50 

S 1.13 

S 1.13 

M8CO3 

S 0.43 

S 0.43 

MgO 

S 3.74 

HgSi03 

L 13.75 

NaAlO^ 

S 1.22 

»*2“3 

S 14.48 

S 14.48 

SiO^ 

L 4.46 

KAlSi30g 

L 3.17 

L 62.93 

S 3.59 

S 3.59 

*2“3 

S 1.29 

S 1.29 

K2SO4 

S 77.53 

S 77.53 

Weight  (Ib/hr) 

11,523 

2,511 

11,718 

16,171 

*S  = Solid 
L = Liquid 
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Stack 

228 

S 0.47 
S 1.08 

S 1.13 
S 0.43 

S 14.48 

S 3.59 

S 1.29 
S 77.53 

55 
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ONCE-TOROUGH  FLOW  OF  TOSH  SEED 

In  the  once-throuth  flow  of  froih  •••<!»  the  aaounte  and  coapoaltiona  of  the 
Mteriala  reaoved  froa  the  eyatea  are  given  in  Table  B3.  The  flow  diagraa  of 
thia  proceaa  is  given  in  Figure  B2.  The  alag  rejected  froa  the  Coabuator  ia 
aoatly  liquid  containing  aoae  aolida.  Sixty-aevan  percent  of  the  potaaaiua  in 
the  coal  ia  rejected  here.  Radiant  Boiler  alag  ia  alao  a liquid-aolid 
aixture.  Deapite  the  large  percentage  of  potaaaiua  alualnoailicate  preaent, 
only  1.83  percent  of  the  total  aeed  ia  loat  here. 

Seed  firat  condenaea  in  the  Afterburner  Section  of  the  Radiant  Boiler  under 
oxidizing  conditiona  (aa  liquid  potaaaiua  aulfate  at  2,400*F).  In  the 
Intemediate  Teaperature  Oxidant  Heater  of  the  HR/SR  (at  1,593*F),  the  aulfate 
haa  aolidified  and  aolid  potaaaiua  carbonate  alao  appeara.  Additional  aeed 
CMea  out  along  the  HR/SR  flow  path.  Seed  ia  recovered  froa  the  HR/SR  at  the 
downatreaa  end  aa  ahown  in  the  ETF  Heat/Haas  Balance,  8270-1-540-314-001.  In 
the  ESP  (at  481*F),  93.72  percent  of  the  aolida  in  the  flue  gaa  are  aeed 
coapounda.  An  additional  0.85  percent  of  the  aeed  potaaaiua  ia  tied  up  in  the 
aluainoailicate.  Thua,  overall,  2.68  percent  of  the  aeed  potaaaiua  ia  loat  to 
the  alag. 

The  allowable  particulate  eaiaaion,  baaed  on  EPA  1979  New  Source  PerforoMnce 
Standard  of  0.03  Ib/HBtu,  ia  55  Ib/hr.  The  ESP  efficiency  auat  be  at  leaat 
99.6  percent  to  aeet  thia  liait.  If  ccaq>ounda  auch  aa  calciua  phoaphate  are 
preaent,  they  would  probably  condenae  at  aufficiently  high  teaperaturea  to  be 
reaoved  by  the  ESP. 

DISCUSSION 


Figurea  B1  and  B2  ahow  the  calculated  equilibriua  and  ateady  atate  flowa  for 
both  Partial  Recycle  of  Recovered  Seed  and  Once-Through  Flow  of  Freah  Seed. 
Recycling  of  aeed  reaovea  the  need  for  freah  potaaaiua  aulfate  aeed,  and 
reducea  the  ahipped  quantitiea  of  both  freah  potaaaiua  carbonate  aeed  and 
apent  aeed  for  either  off-aite  aale  or  reproceaaing.  It  alao  increaaea  total 
aaaa  flow  alightly,  lowera  plaaaa  temperature  alightly,  lowera  conductivity 
alightly  and  increaaea  potaaaiua  loss  slightly.  It  alao  increaaea  the  waste 
holding  voluae  for  ash  slightly,  but  reduces  the  waste  holding  voluae  for  seed 
coapounda  containing  fly  ash  by  a significant  45  percent. 

The  Partial  Recycle  of  Recovered  Seed  thus  appears  the  preferable  process  and 
is  used  as  the  reference  process  for  the  ETF  Seed  Management  Systea. 


B-7 


SDD-342 


TABLE  B3 

COMPOSITION  AMD  STATE  OF  FLOWS  REMOVKD  AS  SEED  AMD 
ASH  FOR  OMCE-THROUGH  FLOW  OF  TOSH  SISD 


State  Point 

Priaary  Coabuator 
(aalnly  aah) 

(Weight  %) 

Radiant  Boiler 
(aainly  aah) 

Convective 

Section 

HR/SR 

(aainly  aeed) 

ESP 

(aainly 

seed) 

Stack 

Teaperature  (*F) 

3,462 

2,190 

481 

481 

228 

AI2O3 

S*  23.58 

S 2.08 

S 0.14 

S 0.14 

S 0.14 

CaCO^ 

S 0.32 

S 0.32 

S 0.32 

CaO 

S 15.09 

S 10.42 

FeO 

L 2.95 

S 19.58 

^*3°A 

S 0.34 

S 0.34 

S 0.34 

M8CO3 

S 0.11 

S 0.11 

S 0.11 

MgO 

S 3.75 

MgSi03 

L 13.75 

NaAlO^ 

S 1.25 

Na2C03 

S 4.32 

S 4.32 

S 4.32 

Sio^ 

L 41.46 

KAlSi30g 

L 3.17 

L 62.92 

S 1.07 

S 1.07 

S 1.07 

K CO 

s 1.34 

S 1.34 

S 1.34 

K,SO, 

S 92.38 

S 92.38 

S 92.38 

Weight  (Ib/hr) 

11,523 

2,173 

10,615 

14,649 

55 

*S  = Solid 

L > Liquid 
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1.0  FUNCTIOH  AND  D8S1CH  BEQUIIKMENTS 

This  docuaent  presents  s description  of  the  Slag  Henegeaent  Systea  es  depicted 
on  Flow  Diagrea  8270>1->451>302«351  and  Plot  Plan  8270-1-210-007-001. 

The  doruaent  includes  a description  of  systea  functions » interfaces  with  other 
systeaSf  equipaent  and  piping  requireaentSy  design  criteria » description  of 
coaponentSy  operating  a^esi  and  safety  and  aaintenance  requireaents. 

1.1  FURCTIOKAL  SEQUIBSNBNTS 

Slag  aanageaent  consists  of  collectings  grindings  separating  and  transporting 
the  condensed  aineral  fraction  of  the  coal  after  co^ustion.  The  slag 
collected  froa  the  coabustor  and  radiant  boiler  is  ground  and  hydraulically 
transported  to  one  of  two  dewatering  bins.  Dewatered  slag  is  reswved  froa  the 
site  by  trucking  or  aay  be  transported  hydraulically  to  the  slag  disposal 
pond.  Clear  water  froa  the  dewatering  bin  is  further  allowed  to  settle  in  a 
recirculating  and  settling  (R&S)  tanks  and  is  then  returned  to  the  puap  inlet 
header  for  reuse  by  the  aakeups  recirculating  and  sluice  puaps.  The  sludge 

water  froa  the  R&S  tank  is  recycled  to  one  of  the  two  dewatering  bins  for 

further  settling.  The  slag  sluicing  water  also  picks  up  pyrites  collected  at 
the  coal  pulverisers  and  duaps  thea  into  the  radiant  boiler  slag  hopper. 

1.2  SYSTEM  INTERFACES 

Major  equipaent  in  the  Slag  Manageaent  Systea  are:  two  dewatering  binss  R&S 

tanks  two  aakeup  puaps s two  recirculating  pusqtSs  two  sluice  puaps s two  slag 
water  recirculation  puaps  and  one  suap  water  puap.  The  Slag  Manageaent  Systea 
interfaces  with  the  MHD  Power  Trains  Heat  Recovery/Seed  Recovery  (HR/SR)s  and 
Circulating  Water  Systeas.  The  Slag  ManagesMsnt  Systea  also  interfaces  with 
the  pyrite  hoppers  at  the  coal  pulverisers. 

1 . 3 DESIGN  CRITERIA 

The  systea  continuously  receives  ground  slag  froa  the  coabustor  slag  subsystea 

and  ground  slag  froa  the  radiant  boiler  hopper  at  the  coabined  rated  capacity 

of  7 tons  per  hour  as  shown  on  the  Heat  and  Hass  Balance  Diagraas  8270-1-540- 
314-001.  The  design  is  in  accordance  with  the  applicable  codes s standards s 
and  guides  issued  by  governmental  agencies , recognised  standards 
organisationst  and  Gilbert  Associates)  Inc. 

1.3.1  Codes  and  Standards 


Systea  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organisations: 

1.  Aaerican  National  Standards  Institute  (ANSI) 

2.  Aaerican  Society  of  Mechanical  Engineers  (ASHE) 

3.  Aaerican  Society  for  Testing  snd  Materials  (ASTM) 

4.  Aaerican  Welding  Society  (AWS) 

5.  Manufacturers  Standardisation  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 
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6.  Pipe  Fabricators  InatituCa  (PFI) 

7.  Occupational  Safety  and  Health  Adainiatration  (OSRA) 

8.  Inatruaant  Society  of  Aaerica  (ISA) 

9.  National  Fire  Protection  Aaaociation  (NFPA) 

1.3.2  Daaiin  Paraaetera  , 

The  Slag  Nanagaaent  Systea  ia  designed  to  handle  10  tons  per  hour  of  coabustor 
slag  and  2-1/2  tons  per  hour  of  radiant  be  Her  slag.  The  arrangeaent  of 
equipaent  ia  ahown  on  the  slag  handling  flow  diagraa  (8270-1-4S1-302-351) . 

The  water/alag  slurry  velocity  in  the  piping  it  United  to  9 feet  per  second. 


2.0  DESIGN  DESCRIPTION 

The  Slag  Manageaent  Systea  provides  for  receivings  sluicings  and  separation  of 
ground  slag  fron  sluice  waters  and  transporting  slag  off  site  by  truck.  The 
aajor  coaponents  are  described  in  the  Suaaary  Descriptions  Section  2.1. 

2.1  SUMMARY  DESCRIPTION 

At  rated  capacity s the  ETF  plant  will  consuae  101.7  tons  per  hour  of  coal 
(22.7  percent  aoiature  and  8.7  percent  aahs  by  weight).  Howevers  with  the 
worst  coal  analysia  (27.0  percent  aoisture  and  12.0  percent  ashs  by  weight)s 
the  ETF  plant  will  consuae  108.0  tons  per  hour  of  coal.  It  has  been 
calculated  that  a aaxinua  of  9.75  tons  per  hour  of  slag  (75  percent  by  weight 
of  the  incoaing  slag)  mmy  be  collected  by  the  co^ustor  slag  handling  systea; 
therefore s the  equipaent  is  designed  to  handle  10  tons  per  hour  on  a 
continuous  basis. 

Based  on  50  percent  by  weight  reaoval  of  the  incoaing  slags  the  radiant  boiler 
slag  handling  systea  is  designed  for  a capacity  of  2-1/2  tons  per  hour.  The 
slag  has  been  ground  to  sise  2 inches  and  smaller  by  the  HR/SR  equipaent. 
Sluice  puups  provide  water  to  transport  the  ground  slags  collected  beneath  the 
coabustor  final  slag  collection  tank  and  the  radiant  boiler  hopper  (and  the 
pyrites  from  the  coal  pulverisers)  to  one  of  the  ttro  dewatering  bins.  Settled 
slag  froB  the  dewatering  bins  is  transported  by  truck  to  off**site  disposal. 
Clear  water  froa  the  dewatering  bin  is  transferred  to  the  R&S  tank.  Settled 
slag  fines  from  the  R&S  tank  are  recycled  to  one  of  the  two  dewatering  bins. 

If  the  dewatering  bins  cannot  be  useds  the  sluiced  slag  may  be  routed  to  a 
slag  disposal  pond. 


EQUIPMENT  CAPACITY  REQUIREMENTS 


Shifts  (8  hr)  Operating  3 


2 


continuous 

Coabustor,  ton/hr  5.8 

Radiant  Boiler,  ton/hr  1.1 


8.6 

1.7 


1 

17.3 

3.3 


The  above  tabulation  shows  Che  operating  tisw  required  at  full  load  to  resiove 
Che  slag  ash  when  firing  specified  coal.  With  the  coabustor  ash  resK>val 
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The  above  tabulation  shows  the  operating  tlae  required  at  full  load  to  renove 
the  slag  ash  when  firing  specified  coal.  With  the  ooabuator  ash  rwoval 
equipaent  designed  to  handle  10  tons  per  hour  and  the  radiant  boiler  designed 
for  2-1/2  tons  per  hmir,  all  the  equipaent  aust  be  operating  for  aore  than  one 
eight  hour  shift.  If  a run  of  poor  coal  (high  ash)  la  burned,  the  equlpaent 
oould  still  handle  the  slag  in  less  than  three  shifts. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equlpaent 

The  Integrated  Slag  Manageaent  System  is  composed  of  the  following  aajor 
ooaponents: 

1.  Combustor  Slag  Tanks  and  Grinders  (MHD  Power  Train) 

2.  Radiant  Boiler  Slag  Hopper  and  Grinders  (HR/SR  System) 

3.  Recirculating  and  Settling  Tank 

4.  Makeup,  Recirculating  and  Sluice  Pumps 

5.  Slag  Hater  Recirculating  Pui^)S 

6.  Dewatering  Bins 

7.  Slag  Disposal  Pond 

8.  Sump  Water  PuiEp 

As  shown  on  the  GAl  drawing  8270-1-451-302-351,  two  slag  discharge  openings 
are  located  on  the  HR/SR  radiant  boiler  furnace  bottom.  A maximum  of  2- 
1/2  tons  per  hour  of  disintegrated  and  ground  slag  from  the  radiant  boiler 
hopper  outlets  is  removed  by  ash  jet  pumps.  Also,  two  slag  discharge  openings 
are  located  on  the  combustor  final  slag  tank,  from  vdilch  a maximum  of  10  tons 
per  hour  of  ground  slag  is  removed  by  ash  Jet  pumps.  Grinders  reduce  the  size 
of  the  larger  pieces  of  clinker  and  slag  to  2 inches  and  smaller  to  permit 
handling  by  the  ash  jet  piuq>s  trtilch  convey  the  slag/water  slurry  to  the 
dewatering  bins,  tfekeup  water  for  the  system  is  provided  fr<»B  cooling  tower 
blowdown. 

A total  of  1,800  gpm  of  water  at  300  psig  is  required  to  transport  the  ground 
combustor  slag  via  the  ash  jet  puoq}S  to  one  of  the  two  dewatering  bins.  The 
dewatering  bins,  each  175  ton  capacity,  are  equipped  with  an  automatic 
cylinder  operated  discharge  gate.  Siimiltaneously,  the  slag  which  has  settled 
in  the  other  dewatering  bin  is  drained,  unloaded  on  to  trucks,  and  transported 
off  site.  An  air  operated  balancing  valve  is  provided  in  the  discharge  line 
after  each  jet  pump  so  it  can  be  isolated  from  the  rest  of  the  system.  An  air 
operated  balancing  valve  with  limit  switches  is  provided  in  each  line  at  the 
dewatering  bins  so  that  ash  (ground  slag)  can  be  discharged  to  either  one  of 
the  two  bins.  Alternately,  the  water /slag  slurry  may  be  bypassed  around  the 
dewatering  bins  and  routed  to  the  slag  disposal  pond.  Whenever  the  conveying 
operation  is  finished,  the  lines  are  flushed  and  drained  to  prevent  slag 
accumulation  and  freezing  during  winter  operation.  Downstream  of  the  ash  jet 
pumps,  a hand  hole  for  clean  out  is  provided  for  manual  cleaning  of  plugged 
lines. 

The  water  drained  from  the  dewatering  bins  is  allowed  to  settle  in  the  RAS 
tank  located  beneath  the  dewatering  bins.  Conveying  water  overflows  and  also 
drains  from  the  dewatering  bins  into  this  tank.  Dewatering  elements  Inside 
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th«  bln  provide  the  final  drainage  neoeaaary  to  obtain  dewatered  ash.  High 
and  low  water  levels  are  aonitored  In  the  R&S  tank  by  a level  switch  (LS)  and 
an  MMrgenoy  high  level/overflow  Indicator*  The  settled  fines  are 
reolroulated  by  Jet  pumps  to  a dewatering  bln,  thus  completing  a cycle  In  the 
system.  The  olear  water  from  the  R&S  tank  Is  returned  to  the  inlet  header  to 
be  reused  by  makeup,  reolroulatlng  and  sluloe  pumps. 

Coal  pulverizer  rejects  called  "pyrites"  are  handled  hydraulloally  as  an 
adjunct  to  the  Slag  Management  System.  Pyrlte  storage  hoppers  are  mounted 
below  each  ooal  pulverizer  discharge  spout  to  reoeive  the  rejects 
continuously.  At  the  outlet  of  eaoh  pyrlte  hopper  Is  a water  Jet  pump. 
Circulated  sluice  water  transfers  the  pyrites  rejects  to  the  radiant  boiler 
slag  hopper.  A hand  hole  for  clean  out  Is  provided  to  manually  clean  the 
plugged  lines.  If  required. 

The  sluloe  pumps  supply  olear  water  to  the  grinders,  to  the  agitating  water 
nozzle  supply  ring  located  on  the  radiant  boiler  hopper,  and  to  the  ash  Jet 
pumps. 

Recirculating  puny>s  supply  a total  of  250  gpm  of  water  for  cooling  the 
refractory  lining,  and  to  maintain  the  proper  water  level  In  the  MHP  Power 
Train  combustor  slag  collection  tanks  and  the  HR/SR  radiant  boiler  slag 
hopper. 

Two  makeup  pumps  supply  a total  of  500  gpm  filtered  water  at  125  psig  to  the 
slag  breakers  and  for  flushing  the  slag  during  the  unloading  operations. 

Two  slag  water  recirculation  pun^s  are  provided  at  the  slag  disposal  pond  to 
reclaim  water  for  use  In  the  system.  The  pumps  are  sized  to  return  125  gpm  to 
the  R&S  Tank. 

A sump  water  pump  prov*.ies  water  to  a hydro>ejeotor  to  remove  water  and  ash 
fines  from  the  system  area  sump.  The  sump  discharge  Is  conveyed  to  the  R&S 
Tank. 

A slag  disposal  pond  for  alternate  disposal  of  sluiced  slag  Is  located  In  the 
southwest  area  of  the  plant  site  as  shown  on  GAZ  drawing  8270- 1-2 10-007“001 
"Plot  Plan."  The  total  area  covered  by  the  Slag  Disposal  Pond,  Item  47,  Is 
approximately  108,000  sq.  ft. 


TABLE  1 

PUMP  REQUIREMEHTS 


Equipment 

Number 

Required 

Head/Capaclty 

Makeup  Pump 

2 

125  pslg/250  gpm 

Recirculating  Pump 

2 

125  pslg/125  gpm 

Sluice  Pump 

2 

300  pslg/900  gpm 

Slag  Water  Recirculation  Pump 

2 

125  pslg/125  gpm 

Sump  Water  Pump 

1 

125  pslg/50  gpm 
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2*2.2  Piping  and  Valvea 

Th«  crushed  slag  slurry  Is  transported  through  rubber  lined  oarbon  steel 
pipes,  or  pipe  aade  of  hard  oast  Iron.  The  naxlauB  velocity  Is  9 feet  per 
second.  Uhere  high  abrasive  wear  Is  antlolpated,  the  pipe  and  fittings  are 
nsde  froB  heavy  gauge  metals. 

Selected  valves  are  shown  on  the  drawings  listed  under  Section  1.0.  All  the 
valves  are  designed  In  acoordanoe  with  ANSI,  HSS  and  the  ASHE  Boiler  and 
Pressure  Vessel  Codes. 

2.2.3  Electrical 


Electrical  power  Is  required  at  480  volts,  3 phase  at  60  Hz. 

2.2.4  Instruments.  Controls,  and  Alarms 

Instruments  are  placed  at  locations  commensurate  with  good  design  practice  to 
monitor  system  performance.  These  Instruments  protect  against  overloading  any 
equipment  with  slag  or  loss  of  circulating  water  flow.  The  majority  of  the 
control  switches  and  Instrument  readouts  for  each  operation  are  located  with 
their  respective  equipment.  Only  major  Instrument  readouts  are  monitored  by 
the  Main  Control  Room  Computer. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Of  the  instruments  and  controls  discussed  under  Section  2.2.4,  the  following 
are  equipped  with  protective  devices: 

1.  Power  supply  for  makeup  pumps,  recirculating  pumps,  and  slag  water 
recirculating  pumps. 

2.  Power  supply  for  the  grinders  located  at  the  combustor  slag  tanks  and  the 
radiant  boiler  slag  hopper. 

3.  Power  supply  for  the  sluice  pumps. 

4.  Level  control  switches  at  the  head  tank,  and  at  the  R&S  tank. 

3.2  HAZARDS 

Leaching  of  sluice  water  from  the  slag  disposal  pond  onist  be  avoided. 

3.3  PRECAUTIONS 

The  Slag  Management  System  takes  part  of  its  material  (slag  and  water)  from 
the  grinders  of  the  Combustor  slag  tanks.  During  operation,  the  Combustor  is 
subject  to  very  high  Hall  voltage,  so  the  slag  tanks  must  be  resistively 
Insulated  to  bring  this  Hall  voltage  down  to  ground  potential  at  the  interface 
to  the  Slag  Management  System.  Special  precautions  must  be  taken  to  safeguard 
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the  above  interface  againat  high  voltage  and  enaure  eafe  operation  of  the 
ayatea*  Monitoring  by  inatruaenta  and  controlof  end  the  scheduling  of 
aaintenance  for  all  the  aafeguard  equipaent  ia  required* 

4.0  MODES  or  OPBRATIOH 

4.1  STARTUP 

Prior  to  operating  the  coabuator»  all  the  alag  handling  equipaent  will  be 
checked  and  placed  in  operation. 

4.2  NORMAL  OPERATION 

During  noraal  operation*  the  apecific  required  coaponenta  will  be  controlled 
and  Bonitored  froa  the  aain  control  rooa. 

4.3  SHUTDOWN 

For  scheduled  shutdown  or  forced  shutdown  for  an  extended  period,  the 
coabustor  and  radiant  boiler  slag  handling  equipaent,  dewatering  bins,  and 
recirculating  and  settling  tank  will  be  coapletely  evacuated  so  that  the  slag 
does  not  clog  the  openings. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Any  probleas  with  the  dewatering  bins  or  off*site  trucking  aay  require  that 
the  slag  laden  sluice  water  be  diverted  to  the  site  slag  dispoaal  pond. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  will  record  perfoiaance  data  shotm  on  direct  indicating 
instruments  at  regular  intervals  per  shift.  The  in-house  computer  will 
constantly  monitor  specified  points  on  the  Slag  Management  System  to  give  a 
running  check  on  performance  which  can  be  viewed  periodically  as  desired  in 
the  plant  control  roob  Alarms  will  be  initiated  for  off-noraal  operations. 


5.2  INSERVICE  INSPECTION 

Visual  inspection  of  all  equipaent,  conveyors,  instriiments,  etc.,  shall  be 
carried  out  periodically  during  systea  operation  to  ascertain  that  the  subject 
equipmnt  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

All  equipment  and  aotors  are  to  be  maintained  and  operated  in  «.rcordance  with 
the  respective  Mnufacturer 's  operating  and  aai.  tenance  instructions. 

Computerised  record  keeping  is  to  be  used  to  alert  the  operating  personnel 
that  pieces  of  equipaent  need  an  overhaul,  repacking,  or  cleaning,  depending 
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will  b«  r«plao«d  during  the  planned  shutdown  if  it  Is  nssr  ths  snd  of  Its 
rsooastsndsd  Ilfs  oyols. 

5.tl  CORRECTIVE  HAINTBNANCE 

5.4.1  Msnuf so  tuner ' s Instruot Ions 

A oonplets  fils  of  Instruction  books  will  bs  svsllsbls  st  ths  plant  to  guide 
ths  plant  psrsonnsl  in  malntsnanoe  of  any  plsos  of  squlpasnt.  If  nsosssary,  a 
rsprsssntativs  of  ths  manufaotursr  can  bs  present  to  supervise  ths  overhaul  or 
rsplaosMnt  of  plant  equipment. 

5.4.2  Spars  Parts  Inventory 

Hanufaotursrs  will  supply  lists  of  rsoonmendsd  spars  parts.  Many  of  these 
parts  will  bs  kept  In  Inventory  at  ths  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  Included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  preasatt  a deacription  of  the  Plant  laduatrial  Waat;:  Syat«a  aa 
depicted  on  Fluid  Syatem  Diagran  8270<-l-641-302-371 , Plant  Induatrial  Waate, 
and  8270-l>644-302~381  Sanitary  Waate.  The  document  includea  deacriptiona  of 
ayaten  functiona,  interfacea  vith  other  iiystens,  equipment  and  piping 
requireBMnta,  detign  criteria,  deacription  of  components,  operating  modes,  and 
aa^'ty  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREHENTS 

The  Plant  Industrial  Waste  System  is  designed  to  collect,  store,  transfer  and 
treat,  necessary,  all  sources  of  liquid  industrial  wastes  and  sanitary 
wastes  from  the  plant  so  that  the  resulting  effluent  is  in  compliance  with  all 
local,  state  and  Federal  environmental/ regulatory  agency  discharge 
regulations,  as  further  detailed  in  Section  1.3.2.  Major  anticipated  or 
potential  sources  of  plant  industrial  wastes  are  as  follows: 

1.  Chimney  wash 

2.  Air  heater  wash 

3.  Coal  pile  runoff 

4.  Coal  shed  and  building  drains 

5.  Demineralizer  regeneration  wastes 

6.  Turbine  and  compressor  room  drains 

7.  MHD  power  train  and  HR/SR  area  drains 

8.  Water  pretreatment/treatment  wastes 

9.  Flyash  loading  wastes/runoff 

10.  Slag  handling  waste  overflow/ runoff 

1).  Cooling  tower  blowdown  (Partially  reused  for  slag  sluice  water  makeup) 

12.  Boiler  blowdown  (To  be  normally  used  as  slag  sluice  water  makeup) 

13.  Chemical  cleaning  wastes  (To  be  handled  by  outside  chemical  cleaning 
contractor  or  held  for  incineration  in  the  boiler) 

14.  Plant  yard  drainage 

15.  Fuel  oil  unloading/storage  area  runoff 

16.  Miscellaneous  oil  day  tank  and  transformer  pits 

17.  Sanitary  wastes 

1 . 2 SYSTEM  INTERFACES 

Major  subsystems  of  the  Plant  Industrial  Waste  System  with  their  major 
equipment  components  are  as  follows: 

12.1  Coil  Pile  Runoff  (CPR)  Treataient 

Consisting  of  the  CPR  Collection  Basin,  Dewatering  Susq)  and  Puaips,  CPR 
Neutralization  Tank,  CPR  Oxidation/Flocculation  Tank,  CPR  Gravity  Settler  and 
related  agitators,  chemical  feeds,  controls  and  piping. 

1.2.2  Demineralizer  Regeneration  Wtstes  Batch  Treatment 

Consisting  of  Batch  Demineralizer  Equalization/Neutralization  Tank, 
Demineralizer  Wastes  Transfer  Pumps,  and  related  agitators,  chemical  feeds, 
controls  and  piping. 
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1.2.3  Plant  Building  Dr>in«ge/Su«p» 

For  the  Turbine  and  Conpreaaor  Rooai  drains,  HHD  Power  Train  and  HR/SR  area 
drains  and  other  building  drains.  Each  subsystea  consists  of  the  building 
floor  drain  systea,  suap,  stssp  puaq>s  and  related  piping  and  controls.  An 
Oil/Water  Separator  is  provided  for  drains  where  the  potential  of  oil 
contaaination  exists. 

1.2.4  Main  Wastewater  Treatswnt 

Consisting  of  the  Waste  Collection  and  Equalisation  Tank,  Waste  Transfer 
Puaps,  Acid  Neutralization  Tank,  Liaie  Neutralization  Tank,  Flocculation  Tank, 
Gravity  Settler/Thickener,  Polishing  Filter,  Effluent  Flow  and  Sasq>ling 
Chamber  and  related  agitators,  cheaiical  feeds,  controls  and  piping. 

1.2.5  Waste  Sludge 

Consisting  of  Sludge  Pumps,  Sludge  Holding  Tank,  Sludge  Filter  Press  and 
related  controls  and  piping. 

1.2.6  Fuel  Oil  Unloading/Storage  Area  Runoff  Treatment 

Consisting  of  containment  facilities,  collector  pans,  drainage  collection 
piping,  Oil/Water  Separator,  Oil  Reclaim  Tank  .iiul  related  controls  and  piping. 

1.2.7  Plant  Yard  Runoff 

Consisting  of  the  yard  drainage  piping.  Plant  Yard  Runoff  Basin  and  Effluent 
Monitoring. 

1.2.8  Chemical  Feed 

Consisting  of  two  sulfuric  acid  feeds,  one  caustic  feed,  one  lime  slurry  feed 
and  polyelectrolyte  feed  equipment. 

1.2.9  Plant  Sanitary  Wastes 

Consi.sting  of  a package  extended  aeration,  activated  sludge,  sewage  treatment 
plant  at  the  main  MHD  plant  and  an  underground  septic  tank  and  pump  station  at 
the  coal  control  building. 

The  Plant  Industrial  Waste  System  interfaces  with  other  major  systems  which 
general.'  - .dustrial  wastes,  such  as: 

Boiler  Feedwater 
Condensate 

Feedwater  Heater  & Miscellaneous  Drains,  Vents  and  Reliefs 

Plant  Makeup  Water 

Circulating  Water 

Fuel  Oil 

Slag  Management 

Seed  Management 


2 


1.3 


DESIGN  CRITERIA 


Design  criteria  cover  the  fluid  flow  requireaents,  pressure- teaperature 
ratings,  and  systea  liaits  to  be  used  in  the  selection  of  the  required 
coq>onents. 

Engineering  design  criteria  for  all  disciplines  is  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guidelines  issued  by 
governswntal  agencies,  recognized  standards  organizations,  and  Gilbert 
Associates,  Inc. 

1.3.1  Codes  and  Standards 


Systea  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guidelines  issued  by  the  following  organizations: 

1.  Aawrican  National  Standards  Institute  (ANSI) 

2.  Aaerican  Society  of  Mechanical  Engineers  (ASME) 

3.  AsMrican  Society  for  Testing  and  Materials  (ASTH) 

4.  Asierican  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  U.S.  Environmental  Protection  Agency  (EPA) 

11.  Hydraulics  Institute  Standards  (HSI ) 

12.  American  Water  Works  Association  (AWWA) 

1.3.2  Design  Parameters 

The  Industrial  Wastewater  Treatment  System  is  designed  to  treat  plant  liquid 
wastes  such  that  all  discharges  are  in  compliance  with  U.S.  EPA,  state  and 
local  discharge  regulations.  All  plant  components  are  constructed  of 
corrosion  resistant  materials,  suitable  for  the  wastes  being  handled.  Based 
on  the  Effluent  Limitations,  Guidelines,  Pretreatment  Standards  and  New  Source 
Performance  Standards  Under  Clean  Water  Act;  Steam  Electric  Power  Generating 
Point  Source  Category,  EPA,  Federal  Register  of  October  14,  1980  for  new 
sources,  the  limitations  to  be  met  are: 

General  (All  Discharges) 

1 . pH  range  6.0  - 9.0 

2.  No  discharge  of  polychlorinated  biphenyls 

Low  Voluate  Wastes  (Includes  Boiler  Blowdown)  30-day  avg.  1-day  max. 
Multiply  low  volume  wastes  flow  by  the  following  concentrations; 


1 . 
2. 


Total  suspended  solids 
Oil  and  grease 


30  mg/1 
15  rag/1 


100  mg/1 
20  mg/ 1 
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Metal  Cleanina  Waitei  30-day  avg.  1-day  «ax. 

Multiply  netal  cleanioji  wastes  flow  by  the  followlog  coacentrations: 


1. 

Total  suspended  solids 

30  mg/1 

100  mg/1 

2. 

Oil  and  grease 

15  mg/1 

20  mg/1 

3. 

Total  copper 

1.0  mg/1 

1.0  mg/1 

4. 

Total  iron 

1.0  mg/1 

1.0  mg/1 

Sanitary  Wastes 

1. 

Biochemical  oxygen  demand  5-day 

TBD 

TBD 

2. 

Total  suspended  solids 

TBD 

TBD 

Cooling  Tower  Blowdown 

30- day  avg. 

1-day  max 

1. 

Total  residual  chlorine  (TRC) 

- 

0.14  mg/1 

2. 

No  discharge  of  cooling  tower  maintenance  chemicals  which  < 

contain 

any  of  the  129  priority  pollutants 

(Appendix  B FR,  Oct.  14 

, 1980). 

3. 

Discharge  must  be  made  from  cold  side  of  circulating  water 

system. 

Fly  Ash  Transport  Water 

1. 

No  discharge  of  fly  ash  transport 

water;  new  sources  shall 

utilize 

dry  fly  ash  handling  systems. 

Bottom  Ash  Transport  Water 

Multiply  transport  water  flow  by  following  concentrations: 

1.  Total  suspended  solids  30  mg/1  avg.  100  mg/1  max. 

2.  Oil  and  grease  15  mg/1  avg.  20  mg/1  max. 

Coal  Pile  Runoff 


1.  System  shall  be  designed  to  handle  the  runoff  from  a once-in-lO 
year,  24  hour  rainfall  event;  runoff  in  excess  of  this  event  is  not 
subject  to  limitation  2 below. 

2.  Total  suspended  solids  50  mg/1 

2.0  DESIGN  DESCRIPTION 

The  Plant  Industrial  Waste  System  consists  of  sumps,  pumps,  tanks,  basins, 
separators,  piping,  valves  and  controls.  The  major  equipment  components  are 
covered  in  Section  1.2. 
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2.1  SUHHARY  DESCRIPTION 

The  Plant  Industrial  Waste  Systen  is  provided  to  collect  and  treat  all  plant 
industrial  wastes  or  potential  wastes,  such  that  the  resulting  effluent  is  in 
coapliance  with  all  regulatory  agency  discharge  regulations.  Description  of 
the  major  sub-systems  comprising  the  Plant  Industrial  Waste  System  follows: 

2.1-1  Coal  Pile  Runoff  (CPR)  Treatment 

Diking  and  trenching  are  provided  around  coal  storage  piles  to  prevent 
extraneous  surface  runoff  from  entering  the  piles  and  to  collect  all 
contaminated  runoff  from  the  piles  for  subsequent  treataient.  Runoff  is 
directed  to  a lined  CPR  collection  basin.  Runoff  in  excess  of  the 
once-in-10  year,  24  hour  rainfall  may  overflow  the  sump  directly  to  the  storm 
sewer.  Coal  thaw  shed  and  control  building  drains  and  water  from  the  dust 
suppression  system  are  directed  to  a suaip  and  then  puaiped  to  the  CPR 
collection  basin.  Large  coal  particles  are  settled  and  retained  in  the  basin. 
These  particles  are  periodically  removed  and  reclaiiaed  to  the  coal  storage 
piles.  The  basin  is  provided  with  a dewatering  structure  which  discharges  to 
the  basin  dewatering  sump.  CPR  dewatering  pumps  take  suction  from  the  sump 
and  convey  the  runoff  water  to  the  CPR  neutralization  tank  at  a controlled 
rate. 

In  the  CPR  neutralization  tank,  runoff  is  completely  mixed  with  a lime  slurry 
solution  by  a mechanical  agitator  to  raise  the  pH  and  precipitate  heavy  metals 
such  as  iron.  A pH  electrode  mounted  in  the  tank  provides  input  to  a 
controller  to  regulate  addition  of  lime  slurry  through  an  air-operated  pinch 
valve.  Overflow  from  the  CPR  neutralization  tank  enters  the  CPR 
oxidation/flocculation  tank.  Tank  contents  are  air-agitated  to  oxidize  iron 
from  the  ferrous  to  ferric  state.  A polyelectrolyte  solution  is  metered  into 
the  wastewater  to  aid  in  flocculation.  Overflow  from  the  CPR 
oxidation/flocculation  tank  enters  a lamella  type  gravity  settler  to  remove 
suspended  solids  as  a waste  sludge.  Due  to  the  wide  variations  in  the  raw 
coal  pile  runoff,  clarified,  neutralized  effluent  from  the  gravity  settler  may 
be  directed  to  the  waste  collection  and  equalization  tank  for  further 
treatment  with  other  plant  industrial  wastes,  or  otherwise  directed  to  the 
polishing  filter  system.  Gravity  settler  sludge  is  pumped  to  the  sludge 
holding  tank  where  it  combines  with  other  waste  sludges  for  final  dewatering. 

Chimney  wash  and  air  heater  wash  waters  are  likely  to  be  acidic  and  contain 
fine  ash  particles.  Therefore,  these  wash  waters  are  to  be  directed  to  the 
CPR  basin  dewatering  sump  where  they  can  be  fed  at  a controlled  rate  through 
the  CPR  treatment  system. 

2.1.2  Demineralizer  Regeneration  Wastes  Batch  Treatment 

Acid  and  alkaline  wastes  from  the  regeneration  of  makeup  demineralizers  and 
condensate  demineralizers  are  directed  to  the  batch  demineralizer 
equalization/  neutralization  tank  located  near  the  demineralizers  to  combine 
and  take  advantage  of  self-neutralizing  capacity.  The  combined  wastes  are 
agitated  and  analyzed  for  pH.  Sulfuric  acid  or  caustic  are  metered  via 
chemical  metering  pumps  from  the  respective  bulk  acid  or  caustic  storage  tanks 
as  required  to  "rough"  neutralize  the  wastes.  Neutralized  wastes  are  conveyed 
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vi«  the  demiaeralizer  waste  transfer  puoips  to  the  waste  collection  and 
equalization  tank  for  further  treatoent  with  other  in-plant  wastes. 

2.1.3  Plant  Building  Drainage/Suaps 

The  various  buildings  throughout  the  main  plant  have  floor  drain  systeas  and 
sumps.  Each  building  will  be  evaluated  for  potential  oil  contamination  which 
may  enter  into  the  floor  drainage  system.  For  those  buildings  where  little  or 
no  oil  contamination  is  likely,  the  sumps  are  equipped  with  duplex  sump  pumps 
and  an  automatic  level  control  system  to  direct  floor  drainage  to  the  waste 
collection  and  equalization  tank.  For  those  buildings  where  oil  contamination 
is  possible,  each  sump  is  baffled  to  provide  oil  intercepting  capacity.  Oil 
may  then  be  manually  skinned  off  the  water  surface  into  drums.  Duplex  sump 
pumps  with  an  automatic  level  control  system,  convey  wastewaters  to  the 
oil/water  separator  (coalescer)  in  the  waste  treatment  building  where  any 
remaining  oil  is  separated  and  removed  to  the  waste  oil  holding  tank  for 
reclaim  or  disposal.  Wastewater  from  the  separator  is  directed  to  the  waste 
collection  and  equalization  tank  for  further  treatment  with  other  in-plant 
wastes . 

2.1.4  Main  Wastewater  Treatment 

All  in-plant  wastes  are  directed  to  the  waste  collection  and  equalization 
tank.  In  addition  to  the  pretreated  in-plant  wastes  discussed  in 
Sections  2.1.1  through  2.1.3,  the  following  wastes  are  directed  to  the  waste 
collection  and  equalization  tank: 

1.  Water  pretreatment/treatment  wastes  such  as  sludges  and  filter  backwash. 

2.  Flyash  loading  wastes/runoff.  Flyash  is  dry  conveyed  from  the  HR/SR  area 
into  bulk  silos,  from  which  it  is  dumped  into  trucks  for  hauling  to 
off-site  recovery.  Ash  which  spills  on  the  ground  imder  the  silos  will 
be  contained  and  any  water  runoff  from  the  area  is  directed  to  the  slag 
disposal  pond.  Any  pond  overflow  and  excess  water  used  for  dust  control 
will  be  directed  to  the  waste  collection  and  equalization  tank. 

3.  Slag  handling  wastes  overflow/ runoff . Slag  and  pyrites  are  sluiced  as  a 
slurry  to  dewatering  bins.  From  the  bins  thickened  slag  is  loaded  into 
trucks  for  offsite  disposal.  Slag  which  spills  on  the  ground  under  the 
bins  shall  be  contained  and  removed  to  the  slag  disposal  pond.  Any  pond 
overflow  or  excess  sluice  water  will  be  directed  to  the  waste  collection 
and  equalization  tank. 

A mechanical  agitator  is  provided  in  the  waste  collection  and  equalization 
tank.  Wastewaters  are  allowed  to  equalize  both  hydraulically  and  chemically. 
Wastewaters  are  pumped  via  duplex  wastewater  transfer  pumps  at  a 
flow-controlled  rate  to  the  acid  neutralization  tank.  The  tank  is  equipped 
with  a mechanical  agitator  and  pH  controller  which  regulates  feed  of  dilute 
sulfuric  acid  from  the  dilute  sulfuric  acid  makeup  tank  to  lower  the  pH  and 
provide  excess  alkalinity  reduction.  Overflow  from  the  acid  neutralization 
tank  enters  the  lime  neutralization  tank.  The  tank  is  equipped  with  a 
mechanical  agitator  and  pH  controller  which  regulates  feed  of  lime  slurry  from 
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the  line  slurry  makeup  tank  to  raise  the  pH  and  precipitate  solids.  Lime 
neutralization  tank  overflow  enters  the  flocculation  tank.  The  tank  is 
equipped  with  a variable  speed  mechanical  agitator  and  a polyelectrolyte  feed 
system.  Floe  is  formed  at  low  speed  agitation.  The  flocculation  tank 
overflows  into  the  gravity  settler/ thickener  where  suspended  solids  are 
separated  and  removed  as  a thickened  sludge.  A portion  of  the  sludge  is 
recirculated  back  to  the  flocculation  tank  to  act  as  seed  in  floe  formation. 
Waste  sludge  is  pumped  to  the  waste  sludge  holding  tank  for  further 
dewatering. 

Gravity  settler  overflow  is  directed  to  a packaged,  automatic,  final  polishing 
filter  system  to  remove  small  suspended  matter  to  below  the  effluent 
limitations.  A bypass  is  provided  around  the  final  polishing  filter  system 
should  the  gravity/settler  effluent  be  satisfactory  for  discharge  or  reuse. 
Filter  system  backwash  is  directed  back  to  the  waste  collection  and 
equalization  tank.  Filtered  wastewater  is  directed  to  the  effluent  flow  and 
sampling  chamber,  which  is  equipped  with  an  effluent  flow  recorder,  effluent 
pH  recorder,  and  effluent  automatic  sampler.  Treated  effluent  may' be 
discharged  or  reused  for  ash  sluicing  or  chimney  or  air  heater  washwater. 

2.1.5  Waste  Sludge 

Waste  sludge  is  pumped  from  the  CPR  gravity  settler  and  the  main  wastewater 
treatment  gravity  settler/thickener  to  the  waste  sludge  holding  tank.  Sludge 
level  controls  provided  at  the  settlers  determine  the  waste  sludge  rate.  When 
sufficient  sludge  has  accumulated  for  sludge  dewatering,  sludge  will  be  pumped 
to  the  filter  press  (or  belt  filter).  Sludge  is  dewatered  to  a filter  cake 
which  can  be  dumped  into  a truck  for  hauling  offsite.  Press  filtrate  is 
directed  back  to  the  waste  collection  and  equalization  tank. 

2.1.6  Fuel  Oil  Unloading/Storage  Area  Runoff  Treatment 

The  fuel  oil,  rail  unloading  area  is  furnished  with  track  collector  pans  and 
drainage  pipes  to  direct  all  rimoff  through  an  oil/water  separator  prior  to 
discharge  to  the  storm  sewers.  Similarly,  the  fuel  oil,  tank  truck  unloading 
area  is  curbed  and  any  runoff  is  directed  through  the  oil/water  separator. 

Fuel  oil  pumphouse  drains  and  fuel  oil  storage  tank  diked  area  drains  are  also 
directed  through  the  separator.  Individual  drains  from  the  rail  unloading, 
truck  unloading,  pumphouse  and  storage  tank  diked  area  are  furnished  with 
locked  shut-off  valves  so  that  a major  leak  or  rupture  can  be  contained.  Only 
controlled  rainwater  discharges  are  to  be  directed  to  the  oil/water  separator. 

Skimmed  oil  from  the  separator  will  be  pumped  to  the  oil  reclaim  tank  in  the 
fuel  oil  pumphouse.  Water  can  be  bled  back  through  the  separator. 
Periodically,  sediment  which  accumulates  in  the  separator  shall  be  removed  via 
a portable  pump  to  the  plant  yard  runoff  basin. 

2.1.7  Plant  Yard  Runoff 

Plant  yard  rainfall  drainage  from  the  main  plant  area  will  be  directed  via  the 
storm  sewer  system  to  the  plant  yard  runoff  basin.  The  drainage  will  be 
continuously  monitored.  Should  an  accidental  spill  occur  at  the  main  plant, 
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an  alana  will  be  initiated  at  a control  panel  in  the  Main  control  rooai  and  the 
baain  discharge  valve  closed  to  prevent  an  accidental  discharge  of  pollutional 
Baterials.  Appropriate  treatSMnt  or  cleanup  action  will  be  conducted  in  the 
basin  to  correct  any  problea.  Periodically,  sedinent  retained  in  the  basin 
shall  be  renoved  and  used  as  fill. 

The  miscellaneous  oil  day  tanka  and  transformers  are  either  diked  or  set  above 
concrete  pits  such  that  accidental  leaks  or  tank  ruptures  will  be  contained. 
Periodically,  rainfall  accumulations  shall  be  checked  for  contamination  and  if 
none  is  present,  the  rainwater  can  be  drained  or  pumped  to  the  nearest  floor 
drain  or  plant  yard  storm  drain.  Any  contaminated  rainfall  shall  be  processed 
through  the  oil/water  separator.  Should  a tank  rupture,  the  oil  shall  be 
reclaiaied  if  possible  or  removed  by  a licensed  waste  disposal  firm. 

2.1.8  Chemical  Feed 

2. 1.8.1  Demineralizer  Area 

A bulk  concentrated  sulfuric  acid  storage  tank  and  a 50  percent  sodium 
hydroxide  (caustic)  storage  tank  are  provided  as  part  of  the  demineralizer 
equipment.  Connections  are  provided  on  t;ach  tank  for  wastewater  treatment 
chemical  feed  pump  suctions. 

A concentrated  sulfuric  acid  metering  pump  and  50  percent  caustic  metering 
pump  provide  feeds  as  required  to  "rough"  neutralize  the  equalized 
demineralizer  regeneration  wastes  in  the  batch  demineralizer 
equal izat ion/neutral izat ion  tank . 

2. 1.8. 2 Industrial  Waste  Treatment  Building 

Lime  slurry  feed  equipment  is  provided  for  waste  treatment,  including  the  lime 
slurry  makeup  tank,  lime  slurry  pump  and  bag  lime  feeder  and  filter.  A 
10  percent  lime  slurry  solution  is  manually  made  up  by  dumping  bags  of  lime  in 
the  feeder.  The  filter  minimizes  dusting  problems.  The  lime  slurry  makeup 
tank  is  provided  with  an  agitator  and  a low  level  alarm.  Lime  slurry  is 
recirculated  by  the  lime  slurry  pump  in  a loop  to  the  CPR  neutralization  tank 
and  to  the  lime  neutralization  tank  and  back  to  the  lime  slurry  makeup  tank. 

Polyelectrolyte  feed  equipment  is  provided  which  consists  of  the 
polyelectrolyte  makeup  tank,  a dry  polyelectrolyte  feeder/eductor  and  two 
polyelectrolyte  metering  pumps.  A 0.1  percent  polyelectrolyte  solution  is 
manually  made  up  in  the  makeup  tank  by  educting  a measured  quantity  of  dry 
polymer  into  a known  volume  of  water.  An  agitator  is  provided  in  the  tank  to 
mix  the  solution.  Two  polyelectrolyte  metering  pumps  feed  solution  to  the  CPR 
oxidation/flocculation  tank  and  the  flocculation  tank. 

A diluce  sulfuric  acid  feed  system  is  provided  which  consists  of  the  dilute 
sulfuric  acid  makeup  tank  and  the  dilute  sulfuric  acid  metering  pump.  A 
5-10  percent  sulfuric  acid  solution  of  made  up  by  diluting  concentrated  acid 
in  a known  volume  of  water.  An  agitator  is  provided  for  solution  mixing.  The 
dilute  sulfuric  acid  metering  puaq>  feeds  acid  to  the  acid  neutralization  tank. 
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2.1.9  Plant  Sanitary  Wastes 

2. 1.9.1  Coal  Control  Building 

Design  is  based  on  handling  sanitary  wastes  for  20  people  at  the  coal  handling 
facilities.  Sanitary  wastes  from  toilets  and  showers  are  directed  by  gravity 
to  an  underground  septic  tank.  The  septic  tank  overflows  into  the  pump 
station,  which  conveys  the  liquid  to  the  surge  tank  at  the  main  plant  sewage 
treatment  system. 

2. 1.9. 2 Main  Plant 

Design  is  based  on  handling  sanitary  wastes  for  200  people  at  the  main  plant. 
All  sanitary  wastes  from  the  main  plant  flow  by  gravity  through  the  conminutor 
into  the  surge  tank.  Pumped,  coal  control  building,  septic  tank  overflow  is 
also  directed  to  the  surge  tank.  The  sewage  ejector  conveys  raw  sewage  at  a 
controlled  rate  to  the  aeration  tank.  The  aeration  tank  overflows  into  the 
clarifier  where  the  activated  sludge  is  settled.'  Clarifier  overflow  enters 
the  effluent  flow  and  sampling  chamber  and  passes  through  the  chlorinator  and 
chlorine  contact  tank  before  being  discharged. 

Settled  activated  sludge  is  returned  from  the  clarifier  to  the  aeration  basin. 
Periodically  some  activated  sludge  is  wasted  to  the  sludge  holding  tank. 

All  air  required  for  sewage  treatment  is  supplied  by  multiple  duplex  blowers 
included  with  the  package  equipment. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment  List 

Coal  Pile  Runoff  (CPR)  Collection  and  Treatment 

1.  CPR  Collection  Basin 

2.  CPR  Dewatering  Pumps 

3.  CPR  Neutralization  Tank 

4.  CPR  Neutralization  Tank  Agitator 

5.  CPR  Oxidation/Flocculation  Tank 

6.  CPR  Gravity  Settler 

7.  Coal  Building  Sump  Pumps 
Batch  Demineralizer  Wastes  Treatment 


1.  Batch  Demineralizer  Equalization/Neutralization  Tank 

2.  Demineralizer  E/N  Tank  Agitator 

3.  Demineralizer  Waste  Transfer  Pumps 
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Plant  Building  «nd  Area  Dr«in«ge/Suapi 

1.  HHD  and  HR/SR  Area  Suq>  Punpa 

2.  Turbine  and  Compreaior  Room  Suap  Puapa 

3.  Wastewater  Oil/Water  Separator 

4.  Waste  Oil  Holding  Tank 

Main  Wastewater  Treatment 

1.  Waste  Collection  and  Equalization  Tank 

2.  Waste  C&E  Tank  Agitator 

3.  Wastewater  Transfer  Pumps 

4.  Acid  Neutralization  Tank 

5.  Acid  Neutralization  Tank  Agitator 

6.  Lime  Neutralization  Tank 

7.  Lime  Neutralization  Tank  Agitator 

8.  Flocculation  Tank 

9.  Flocculation  Tank  Agitator 

10.  Gravity  Settler/Thickener 

11.  Final  Polishing  Filter  Equipment  including  the  Filter  Feed  Tank, 
Filter  Feed  Pumps,  Dual  Media  Filters,  Backwash  Water  Storage  Tank, 
Backwash  Puaips,  and  Control  Panel. 

12.  Effluent  Flow  and  Sampling  Chamber 
Waste  Sludge 

1.  Waste  Sludge  Holding  Tank 

2.  CPR  Sludge  Pump 

3.  Wastewater  Sludge  Pump 

4.  Wastewater  Sludge  Recycle  Pump 

5.  Filter  Press  Sludge  Feed  Pump 

6.  Filter  Press 
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Fuel  Oil  Unlo><^  ■ ng/Storege  Area  Runoff 

1 . Oil  Unloading  Oil/Water  Separator 

2.  Oil  Reclaio  Tank 

3.  Oil  Reclaia  Pun^ 

4.  Portable  Dewatering  Puaip 
Plant  Yard  Runoff 

1 .  Plant  Yard  Runoff  Basin 
Chemical  Feed 

1.  Concentrated  Sulfuric  Acid  Metering  Pump 

2.  50  Percent  Caustic  Metering  Pusq> 

3.  Lime  Slurry  Makeup  Tank 

4.  Lime  Slurry  Makeup  Tank  Agitator 

5 . Lime  Slurry  Pump 

6.  Bag  Lime  Feeder 

7.  Bag  Lime  Feeder  Filter 

8.  Polyelectrolyte  Makeup  Tank 

9 . Polyelectrolyte  Makeup  Tank  Agitator 

10.  Dry  Polyelectrolyte  Feeder/Eductor 

11.  CPR  Polyelectrolyte  Metering  Pump 

12.  Wastewater  Polyelectrolyte  Metering  Pump 

13.  Dilute  Sulfuric  Acid  Makeup  Tank 

14.  Dilute  Sulfuric  Acid  Makeup  Tank  Agitator 

15.  Dilute  Sulfuric  Acid  Metering  Pump 
Plant  Sanitary  Wastes 

1.  Coal  Control  Building  Septic  Tank 

2.  Coal  Control  Building  Sewage  Pump  Station 
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3.  Surge  Tank  including  the  Coaminitor,  Dual  Blo%rera,  and  Sewage 
Ejector  w/Dual  Blowers 

4.  Package  Sewage  Treataent  Plant  including  the  Aeration  Tank, 
Clarifier,  Effluent  Flow  & Saapling  Chaaber,  Chlorinator,  Chlorine 
Contact  Tank,  Sludge  Holding  Tank,  and  Dual  Blowers. 

2.2.2  Piping  and  Valves 

The  piping  and  valves  for  the  various  plant  industrial  waste  and  related 
cheaical  feed  services  are  provided  to  be  suitable  for  each  application  as 
follows: 

1.  Acidic  Wastewaters 


(Such  as  chiflmey  wash,  air  heater  wash,  coal  pile  runoff,  coal  shed  and 
building  drains,  slag/ash  overflow  and  loading  drains) 

Below  Ground  Series  85  "Mono-Line”  PE, 

ISO-DIN  8074  and  ASTH  D2239 

Above  Ground  Reinforced  fiberglass  pipe, 

ASTH  D1763  or  D2310 

2.  Strong  Acid/ Alkaline  Wastewaters 

(Such  as  denineralizer  regeneration  wastes) 

Above  and  Below  Ground  Reinforced  fiberglass  pipe, 

ASTH  D1763  or  D2310 

3.  Neutral  Wastewaters 

(Such  as  water  pretreatnent  wastes  and  filter  backwash,  building  sump 
pump  piping) 


Above  and  Below  Ground 
(Below  Ground  to  be  Hill 
Wrapped  and  Coated  per 
AWWA  C-203) 


<2"  Sch.  80  Seamless  CS 
ASTH  A106,  Gr.  B 
>2”  Sch.  40  E.R.  Welded 
CS  ASTH  A53,  Gr.  B 


4.  Wastewater  and  CPR  Treatment,  Sludges,  Polyelectrolyte,  Dilute  Sulfuric 
Acid 


Above  Ground 

5.  Lime  Slurry 
Above  Ground 


Reinforced  fiberglass  pipe, 
ASTH  D1763  or  D2310 


<2”  Sch.  80  Seamless  CS 
ASTH  A106,  Gr.  B 
>2”  Sch.  40  E.R.  Welded  CS 
ASTH  A53,  Gr.  B 
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6.  CoaceDtrated  93  Percent  Sulfuric  Acid 
Above  Ground 


Sch.  80  Seanleai  CS 
ASTH  A106,  Gr.  B 


7.  Concentrated  50  Percent  Caustic  Soda 


Above  Ground 

8.  Stom  Drains 


Sch.  lOS  304L  Welded  SS, 
ASTM  A3 12,  Gr.  TP304L 


(Such  as  plant  yard  drainage,  fuel  oil  unloading  runoff) 


Below  Grade 


<15"  14GA.  Galv.  CSP 
>15"  12GA.  Galv.  CSP 
ASTM  A444 

Asphalt  - coated  with  paved 
invert . 


9 .  Sewage 

Below  Ground  Extra  heavy  CIS?  ASTH  A74 

Above  Ground  Sch.  40  Welded  CS 

ASTM  A53,  Gr.  B,  galvanized 


2.2.3  Electrical 


Punp,  agitator,  etc.,  motors  1/2  hp  and  larger  are  3 phase,  60  Hz,  460  volt 
with  power  supplied  from  the  480  volt  motor  control  centers;  and  less  than 
1/2  hp  are  1 phase,  60  Hz,  115  volt  supplied  from  local  control  panel 
transformers.  Level  controls,  solenoid  valves,  pH  controllers,  and  other 
controllers  will  be  coordinated  with  instrur.entation  power  sources. 


2.2.4  Instruments,  Controls,  and  Alarms 

2.2.4. 1 Level  Controls 

1 . Level  controls  are  provided  where  necessary  to  automAtically  control 
operation  of  pumps  and  locally  alarm  tank  high  and/or  low  level 
conditions. 

2.  For  duplex  piuap  installation  at  taiiks  and  suaips  such  as  the  coal  building 
susip,  CPR  basin  dewatering  suatp,  turbine  and  cosipressor  room  sump,  MHD 
and  HR/SR  area  sump  and  the  waste  collection  and  equalization  tank  the 
following  li^vel  control  sequences  are  provided: 

LSL  - both  puaq>s  shut  off 

LSHl  - lead  puoip  on 

LSH2  - 2nd  pump  on 

LAH  - high  level  alarm 

Automatic  pump  alternation  on  puaqidown 
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For  dupli 
neutrali; 


■ at  the  batch  demineralization  equalization/ 
level  controls  are  provided  as  follows: 


LSI  vHjn  pumps  shut  off 

LSH  pusq>  on 

LAH  - high  le^el  alarm 

Lead  pump  to  be  manually  started  only  (i.e.,  2nd  pump  only  comes  on 
in  the  event  of  lead  pusip  failure) . 

Interlock  with  pH  controller 

Miscellaneous  tank  level  alarms: 


a.  Waste  Oil  Holding  Tank  - LAH 

b.  Sludge  Holding  Tank  - LAH 

c.  Lime  Slurry  Tank  ■ LAL 

2. 2. 4. 2  Pressure  Indicators 


Discharge  pressure  indicators  are  provided  at  all  centrifugal  pumps. 

Discharge  pressure  indicators  with  snubbers  are  provided  at  positive 

displacement  pumps. 

2. 2. 4. 3 Flow  Control/Monitoring 

1.  Wastewater  Transfer  Puiops  Discharge  Flow 

A magnetic  flow  meter/controllei:  is  provided  to  regulate  flow  from  the 
waste  collection  and  equalization  tank  to  the  flow-through  treatment 
system  via  a flow  control  valve. 

2.  An  ultrasonic  effluent  flow  indicator/recorder/integrator  is  provided  at 
the  effluent  flow  and  sampling  chamber.  The  flow  integrator  is 
interlocked  with  the  autouatic  composite  sampler  to  provide  a contact 
closure  for  sampling  purposes  on  a flow  interval  basis. 

2. 2. 4. 4 pH  Controls 

1.  pH  indicator/controller/recorders  are  provided  for  the  CPR  neutralization 
tank,  acid  neutralization  tank,  lime  neutralization  tank  and 
demineralizer  neutralization  tank  with  appropriate  high  or  low  alarms 
which  alarm  .locally  and  in  the  main  control  room. 

2.  pH  indicator/ recorders  are  provided  for  the  effluent  flow  and  sampling 
chamber  and  the  plant  yard  runoff  basin  with  high  and  low  alarms  which 
alarm  locally  and  in  the  main  control  room.  pH  readings  from  these  two 
locations  shall  be  on  the  computer  printout  for  record. 

2. 2. 4. 5 Polishing  Filter  Equipment  Controls 

Automatic  feed  flow  and  backwash  controls  are  provided  as  part  of  the  filter 

equipment  package. 
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2. 2. 4. 6 Coal  Pile  Runoff  Treataent  Controls 

Since  only  intemittent  operation  is  required,  equipawnt  starts  upon  CPR 

dewatering  suap  LSHl  and  has  a time  delay  stop  upon  LSL. 

2.2.4. 7 Plant  Sanitary  Waste  Controls 

All  necessary  controls  are  furnished  as  part  of  the  equipnent  package. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

3.1.1  Provisions  are  included  to  isolate  city  water  and  filtered  water 
fron  any  other  plant  system,  to  prevent  contamination  of  these 
supplies.  This  will  be  accomplished  by  approved  backflow 
preventers,  or  siphon  break  piping  arrangements  at  chemical  makeup 
tanks . 

3.1.2  Level  switches  are  provided  at  pump  installations  which  on  low  level 
trip  the  pumps  to  prevent  pumps  from  running  dry. 

3 1.3  Safety  relief  valves  with  discharge  back  to  respective  chemical 
storage  tanks  are  provided  for  chemical  metering  pumps. 

3.1.4  Tanks,  piping,  valves,  etc.,  are  designed  for  pressures  which  exceed 
maximum  pump  shut-off  heads.  Suitable  corrosion  resistant  materials 
are  selected. 

3.1.5  An  exhaust  fan/filter  unit  is  provided  for  the  bag  dry  lime  handling 
area  to  control  dusting  problems. 

3.1.6  Safety  shower  and  eye  wash  units  are  provided  in  areas  where 
chemicals  such  as  sulfuric  acid,  lime  slurry,  and  caustic  soda  are 
handled. 

3.1.7  Protective  clothing  and  goggles  are  provided  for  workers  in  the 
chemical  handling  and  chemical  feed  areas,  and  in  the  coal  pile 
runoff  area. 

3 . 2 HAZARDS 

3.2.1  A personnel  hazard  exists  in  the  areas  where  chemical  solutions  are 
prepared  or  utilized.  The  equipment  in  these  areas  is  designed  to 
minimize  leakage  and  exposure  of  personnel  to  the  chemicals.  These 
chemicals  can  cause  levere  burning  where  they  come  in  contact  with 
the  body. 

3.2.2  Coal  pile  runoff  at  times  may  be  acidic  and  corrosive  to  the  body. 

3.2.3  Lime  dust  could  be  hazardous  if  inhaled  in  any  great  quantities,  k 
respirator  mask  should  be  worn  when  handling  lime  in  bags. 
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3.3  PRECAUTIONS 

3.3.1  Personnel  protective  equipMat  and  clothing  are  required  when 

handling  cheaiicals  whether  acid,  or  caustic  solutions,  or  dry 
powders.  Plant  operators  and  Maintenance  workers  shall  wear  full 
length  rubber  coats,  rubber  boots,  rubber  gauntlet  gloves,  face 
shields  and  respirators  as  appropriate  for  the  chemical  being 
handled.  Suitable  waterproof  boots  and  clothing  shall  be  worn  when 
working  in  the  coal  pile  runoff  area. 

3-3.2  Should  any  chemicals  get  in  the  eyes  or  on  the  skin,  copious 

quantities  of  water  shall  be  used  to  flush  the  contacted  parts  of 
the  body  via  safety  shower  and  eyewash  units.  Similarly,  personnel 
should  shower  if  wetted  or  in  prolonged  contact  with  coal  pile 
runoff. 

3.3.3  All  safety  shower  and  eyewash  units  shall  be  inspected  during  daily 
rounds  for  familiarity  of  location  and  for  obvious  problems.  These 
units  shall  be  tested  at  least  weekly. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

4.1.1  General 

Initial  startup  is  considered  to  take  place  after  the  tanks  have  been  cleaned, 
pumps  aligned,  packed,  lubricated,  and  calibrated,  piping  and  equipment 
hydrotested,  pipe  lines  flushed,  electrical  wiring  checked  and  instruments  and 
controls  adjusted  and  calibrated. 

4.1.2  Coal  Pile  Runoff  (CPR)  Treatment 

The  CPR  collection  basin  shall  be  cleaned  of  sludge  and  ready  to  receive 
runoff.  The  system  electrical  switching  shall  be  placed  in  the  "Auto” 
position  so  that  when  the  LSHl  level  is  reached  in  the  CPR  dewatering  sump  all 
CPR  treatment  plant  equipment  will  be  energized  and  runoff  will  be  pusiped  to 
the  treatment  system.  Lime  slurry  solution  and  polyelectrolyte  solution  shall 
havf.*  been  previously  made  up  to  full  level  in  the  respective  tanks.  The  lime 
slurry  agitator  and  lime  slurry  recirculation  puaip  shall  always  restain  on, 
r.ince  these  are  part  of  the  main  waste  treatment  system.  Also,  all  tanks 
shall  initially  be  filled  with  clean  process  water.  All  valves  indicated  as 
normally  open  shall  be  opened  and  normally  closed  shall  be  closed. 

4.1.3  Demineralizer  Regeneration  Wastes  Batch  Treatment 

The  batch  demineralizer  equalization/neutralization  tank  shall  be  empty  and 
the  level  control  set  prior  to  receiving  wastes.  The  pH  controller  and 
chemical  feed  pumps  shall  be  calibrated  and  set  fv>r  standby  operation.  Valves 
shall  be  set  in  their  normal  open  or  closed  positions. 
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4.1.4  Plant  Building  Drain*ge/Suap 

Fuap  and  level  controls  shall  be  set  in  the  "Auto*'  position.  Valves  shall  be 
set  in  their  norsMl  open  or  closed  positions. 

4.1.5  Main  Wastewater  Treatawnt 

All  puaqp  and  level  controls  shall  be  set  in  the  "Auto”  position.  All  other 
controls  for  puaps,  agitators,  drives,  control  equipment,  etc.,  shall  be 
placed  in  the  "Start"  position.  Dilute  sulfuric  acid,  lime  slurry, 
polyelectrolyte  and  other  solutions  shall  be  aiade  up  to  full  level  in  their 
respective  tanks.  All  tanks  shall  initially  be  filled  with  clean  process 
water.  Valves  shall  be  set  in  their  normal  open  or  closed  positions. 

4.1.6  Waste  Sludge 

All  pumps  with  level  controls  shall  be  set  in  the  "Auto"  position.  All  other 

equipment  controls  shall  be  placed  in  the  "Start"  position.  Tanks  shall  be 
initially  filled  with  clean  process  water.  Valves  shall  be  set  in  their 
nonaally  open  or  closed  positions. 

4.1.7  Fuel  Oil  Unloading/Storage  Area  Runoff  Treatment 

All  oil  containment  diking,  curbing,  collector  pans,  etc.,  shall  be  inspected 
for  any  defects.  Valves  in  lines  draining  unloading  or  diked  storage  areas 
shall  normally  be  closed  and  locked  during  unloading.  After  unloading  without 
oil  spill  incident,  unloading  area  drain  valves  may  be  open  to  allow  rainfall 
runoff  to  drain  to  the  oil/water  separator.  The  diked  storage  area  drain 
valve  and  oil  pumphouse  drain  valves  shall  remain  closed  and  locked  when  not 
draining  water  from  these  areas. 

4.1.8  Plant  Yard  Runoff 

The  basin  shall  be  cleaned  of  any  sludge  accumulations  prior  to  being  placed 
in  service.  The  pH  monitoring  system  shall  be  set  to  the  "On"  position. 

4.1.9  Chemical  Feed 

All  solutions  shall  be  made  up  to  the  fill  levels.  All  pump  controls  shall  be 
placed  in  the  "Auto"  or  "Start"  position,  as  appropriate.  All  valves  shall  be 
set  in  their  normally  open  or  closed  position.  Lioie  slurry  tank  agitator  and 
lime  slurry  recirculation  pump  shall  be  started  and  remain  running. 

4.1.10  Plant  Sanitary  Wastes 

The  coal  handling  facilities  sewage  puaip  station  pump  controls  shall  be  set  in 
the  "Auto"  position.  Valves  shall  be  set  in  their  normally  open  or  closed 
position.  All  pump  and  blower  controls  shall  be  set  in  the  "Auto"  position  at 
the  main  plant  sewage  system  control  panel.  All  valves  shall  be  set  in  their 
normally  open  or  closed  position.  Hypochlorite  tablets  shall  be  loaded  in  the 
hypochlorinator . Sewage  ejector  air  supply  shall  be  throttled  to  provide  a 
near  constant  sewage  rate  of  5.5  gallons  per  minute.  The  aeration  tank  and 
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clarifier  shall  be  filled  with  service  water,  leaving  rooai  for  about 
2,000  gallons  of  waste  activated  sludge  to  be  supplied  froa  a local  aunicipal 
sewage  treataent  plant  via  a tank  truck.  The  waste  activated  sludge  shall  be 
added  just  prior  to  systea  startup. 

4.2  NORMAL  OPERATION 

The  Plant  Industrial  Waste  Systea  noraally  operates  as  described  in 
Section  2.1  when  set  in  the  autoaatic  aode  as  detailed  in  Section  4.1.  Noraal 
surveillance,  routine  testing,  cheaical  solution  aakei^),  instruaent  cleaning 
and  calibration  as  p>.'eviously  described  are  required.  Saapling  of  the 
effluent  in  accordance  with  National  Pollution  Discharge  Eliaination  Systea 
(NPDES)  perait  requireaents  shall  be  conducted. 

The  equipaent  suppliers'  operating  instructions  shall  be  followed  for 
operation  of  the  final  polishing  filter  and  plant  sanitary  waste  treataent 
equipment  and  as  a supplea^nt  to  this  Systea  Design  Description  for  all  other 
equipaent  components. 

4.3  SHUTDOWN 

A subsystem  may  be  shut  down  by  placing  equipaient  controls  in  the  "Stop"  or 
"Off"  position  at  the  control  panels  and  closing  the  appropriate  equipment 
isolating  valves.  All  sludge  lines  and  pumps  shall  be  flushed  with  service 
water  on  extended  shutdowns.  The  lime  slurry  system  lines  and  pump  shall  be 
flushed  before  any  shutdown  and  the  slurry  tank  dumped  and  the  contents 
treated  when  an  extended  shutdown  is  anticipated.  Equipaent  suppliers' 
operating  instructions  shall  be  consulted  for  special  procedures. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Special  operation  occurs  during  the  MHD  plant  shutdown.  Scheduled  outages 

require  large  quantities  of  water  for  various  boiler  circuit  chemical  cleaning 
and  for  cleaning  and  flushing  of  miscellaneous  equipment  and  piping.  Chemical 
cleaning  and  wastes  will  be  bandied  by  an  outside  contractor  or  held  for 
incineration  in  the  boiler. 

Large  quantities  of  raw  water  are  required  for  washing  fly  ash  and  soot  from 
the  air  heaters,  low  temperature  economizer,  precipitator,  and  from  inside  the 
chimney.  This  washing  shall  be  coordinated  when  the  CPR  basin  is  at  a low 
level  so  its  storage  capacity  and  treatment  capability  can  be  utilized.  Reuse 
cf  treated  effluent  for  washwater  may  be  practiced. 

Should  a major  oil  spill  occur  it  shall  be  contained  at  the  spill  area.  If 
the  spill  is  of  a magnitude  such  that  it  can  not  be  cleaned  up  or  reclaimed  by 
plant  personnel,  outside  contractor  services  shall  be  utilized.  If  a major 
chemical  spill  reaches  the  yard  drainage  system,  it  shall  be  contained  in  the 
plant  yard  runoff  basin  for  appropriate  treatment.  Outside  contractor 
services  shall  be  enlisted  as  required. 
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5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

The  Plant  Industrial  Waste  Systea  requires  daily  operator  surveillance.  Final 
pH  conditions  are  otonitored  on  the  in-house  computer.  Operators  should  make 
periodic  rounds  to  make  sure  pressure  gauges  are  reading  their  normal  ranges, 
treatment  plants  are  producing  acceptable  quality  effluent,  pumps  are 
lubricated  and  gland  leakage  adjusted  properly,  and  air  pressure  is  indicated 
at  any  controls  where  required.  Unusual  noises  and  vibrations  should  also  be 
detected  during  the  rounds.  Chemical  solution  makeup  tank  levels  shall  be 
logged  each  shift,  and  solutions  made  up  as  necessary.  pH  readings  at  each 
treatment  tank  shall  be  noted  and  the  settling  characteristics  of  the  solids 
visually  evaluated  at  least  twice  per  shift.  All  sumps,  c.ked  areas  and 
separators  shall  be  inspected  for  oil  accumulations.  Appropriate  action  shall 
be  taken  and  logged. 

5.2  INSERVICE  INSPECTION 

All  pumps,  tanks,  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall 
be  inspected  periodically  during  system  operation  to  ascertain  that  the  system 
is  operating  properly.  Any  locations  where  excessive  water  or  air  leakage  is 
detected  should  be  noted  and  reported.  Chemical  makeup  tank  levels  shall  be 
recorded  each  shift  and  solutions  made  up  as  necessary. 

5.3  PREVENTATIVE  MAINTENANCE 

pH  electrodes  shall  Le  cleaned  and  calibrated  at  least  weekly.  Computerized 
record  keeping  will  be  instituted  to  alert  the  operators  that  certain  pieces 
of  apparatus  need  periodic  overhaul,  repacking,  etc.,  depending  on  the 
recommendations  of  the  equipment  manufacturer.  In  general,  parts  will  be 
replaced  during  planned  shutdown  if  the  parts  are  near  the  end  of  their 
recommended  life  cycle. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturers'  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  supply  lists  of  recommended  spare  parts.  Critical  parts 
will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long  lead 
time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  rUHCTIOM  AND  DESIGN  REQUIHEMENTS 

This  docuaent  prescjats  a description  cf  the  Fire  Service  Water  System.  While 
the  primary  fire  protection  equipment  is  water  supplied,  this  docuaent  also 
descr.'bes  other  equipment  which  is  involved  in  overall  plant  fire  protection. 
Included  are  descriptions  of  system  functions,  interfaces  with  other  systems, 
equipment  and  piping  requirements,  design  criteria,  description  of  components, 
operating  modes,  and  safety  and  laaintenance  requirements. 

Fluid  System  Diagram  8270-1-781-902-401  is  to  be  used  in  conjunction  with  the 
Fire  Service  Water  System  Description  which  describes  the  water  supply  and 
water  extinguishing  systems. 

Fluid  System  Diagram  8270-1-652-302-242  is  to  be  used  in  conjunction  with  th?t 
portion  of  the  Fire  Service  Water  System  Description  which  describes  the 
Nitrogen  Inerting  System. 

1.1  FUNCTIONAL  REQliT  {£MEhrS 

The  Fire  Service  Water  System  provides  the  aeans  to  detect  and  extinguish 
fires  throughout  the  MHD-ETF  facility. 

The  .'ajor  components  of  the  system  include  the  water  supply,  fire  pu^s, 
exterior  underground  distribution  piping,  interior  distribution  piping,  fire 
hydrants,  hose  stations,  fixed  fire  suppression  systeas,  fire  detection  and 
?larm  system,  and  portable  fire  extinguishers. 

Fire  puoips  take  suction  from  the  water  supply  and  provide  flow  to  the  exterior 
underground  distribution  piping.  The  water  to  the  fire  hydrants  is  supplied 
directly  from  the  underground  piping. 

The  interior  distribution  piping  is  supplied  by  the  exterior  distribution 
piping  and  in  turn  supplies  water  to  the  hose  stations  and  the  fixed  water 
type  fire  suppression  systems. 

The  foam  fire  suppression  system  requires  a foam  solution.  This  solution 
consists  of  foam  liquid  which  will  come  from  t foam  liquid  storage  tank  and  a 
water  supply  which  comes  from  the  exterior  distribution  piping. 

The  Halon  fire  suppression  systems  are  completely  self  contained  and  located 
in  the  vicinity  of  the  hazard. 

Nitrogen,  used  for  inerting,  comes  from  the  plant’s  nitrogen  storage  supply. 

1 . 2 SYSTEM  INTERFACES 

The  main  water  supply  for  the  Fire  Service  Water  System  is  a water  storage 
tank.  This  tank  is  described  in  the  SDD  for  the  Plant  Makeup  Water  System. 

There  will  also  be  interfaces  with  the  following  major  systems: 
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1.  Industrial  Gas  Systeas,  to  provide  supervisory  air  for  dry  pipe 
sprinkler  and  preaction  water  spray  systesis,  and  for  nitrogen  supply 
to  spaces  being  inerted. 

2.  The  HVAC  System  for  isolation  of  the  spaces  protected  with  Halon  1301. 

3.  The  Coal  Management  System  for  automatic  conveyor  shutdown  upon  fire 
detection  on  conveyor  system. 

4.  The  Fuel  Oil  distribution  piping  for  the  diesel  fire  pump's  diesel 
engine  driver. 

1.3  DESIGN  CRITERIA 


Design  criteria  cover  the  fluid  flow  and  storage  requirements » pressure- 
temperature  ratings  and  system  limits  to  be  used  in  the  selection  of  the 
required  cosiponents. 

Engineering  design  criteria  is  in  accordance  with  applicable  codes,  standards, 
regulations,  and  guides  issued  by  goverzusental  agencies,  recognized  standards 
organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  the  applicable  standards 
issued  by  tue  National  Fire  Protection  Association  (NFPA). 


National  Fire  Codes 


1C  - "Standard  for  Portable  Fire  Extinguishers,  Installation" 
11  - "Standard  for  Foam  Extinguishing  System  " 

12A  - "Standard  for  Halon  1301  Systems" 

13  -•  "Standard  for  Sprinkler  Systems,  Installation" 

14  - "Standard  for  Standpipe  and  Hose  Systems" 
l.S  - "Standard  for  Water  Spray  Fixed  Systems" 

20  - "Standard  for  the  Installation  of  Centrifugal  Fire  Pumps 

22  - "Standard  for  Water  Tcnks  for  Private  Fire  Protection" 

24  - "Standard  for  Outside  Protection" 

72D  - "Standard  for  Proprietary  Signaling  Systems" 

72E  - "Standard  on  Automatic  Fire  Detectors" 
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In  addition  to,  and  in  compliance  with  the  standards  listed  above,  fire 
protection  equipment,  where  possible,  is  listed  by  Underwriters'  Laboratories, 
Inc.  (UL)  or  approved  by  Factory  Mutual  Engineering  Corp.  (FM) . 

1.3.2  Design  Parameters 

The  main  water  supply  and  the  backup  water  '■apply  are  each  sized  to  provide 
two  hours  flow  at  the  design  water  flow  rate.  Water  stored  in  tanks  is 
treated,  filtered  water  from  a lake  or  river,  clean  well  water,  or  potable 
city  water.  The  lower  portion  o-J  the  main  (filtered  water)  nank  is  reserved 
for  fire  protection  and  there  are  no  non-fire  r rvice  connections  below  the 
level  of  the  quantity  required  for  fire  servi  e.  The  backup  supply  tank  is 
reserved  for  fire  service  use  only. 
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The  design  water  flow  rate  is  detemined  by  coabining  the  aaxiaua  fixed 
extinguishing  systea  deasnd,  with  the  siaultaneous  deasnd  of  ares  -elated 
hose  streaas.  The  deasnd  for  the  fixed  extinguishing  systeas  is  diterained 
by  NFPA  design  paraaeters  for  each  individual  systOK. 

The  fire  puaps  are  sized  to  provide  the  design  water  flow  rate  with 
consideration  for  one  puap  being  out  of  service  for  aaintenance  or  repair. 
Fire  puaps  are  installed  in  accordance  with  NFPA  Standard  No.  20. 

Fire  hydrants  and  hose  houses  are  spaced  throughout  the  plant  area  to  be 
utilized  in  accordance  with  NTPA  Standard  No.  24. 

The  Fire  Service  Water  System  water  distribution  piping  is  designed  for  a 
maxiauai  operating  water  temperature  of  150**F  and  a maximum  pressure  of  150 
psig. 

Fire  Service  Water  System  water  is  not  to  be  used  for  any  non-fire  protection 
purposes . 

The  Halon  1301  fire  protection  equipment  is  designed  and  installed  in 
accordance  with  NFPA  Standard  No.  12A. 

The  foam  fire  protection  equipment  is  designed  and  installed  in  accordance 
with  NFPA  Standard  No.  11. 

2.0  DESIGN  DE^CRiPTION 


The  Fire  Service  Water  System  consists  of  equipment  piping,  valves,  controls 
and  fire  sensing  devices  designed  to  provide  fire  protection  and  detection, 
and  is  further  described  in  Sections  2.1  and  2.2.  The  Fire  Service  Water 
System  main  water  supply  is  from  the  filtered  (city)  water  storage  tank 
which  is  part  of  the  Plant  Makeup  Water  System. 

2.1  SUMMARY  DESCRIPTION 

2.1.1  Water  Supply 

Filtered  water  for  fire  protection  service  is  stored  in  the  filtered  water 
tank.  The  lower  portion  of  the  filtered  water  tank  is  reserved  for  fire 
service  water  and  there  are  no  non-fire  service  connections  below  this 
level.  The  minimum  required  storage  for  fire  protection  (estisiated  to  be 
300,000  gallons)  will  provide  two  hours  continuous  flow  at  the  design  flow 
rate. 

A separate  storage  tank,  reserved  for  fire  protection  use,  also  having  the 
minimum  required  storage  capacity,  is  available  if  the  main  supply  is  not 
available. 

The  outdoor  storage  tanks  are  provided  with  heat  for  antifreeze  protection 
in  accordance  with  NFPA  Standard  No.  22. 


SDD-401 


Puapiag  capacity  ia  provided  by  an  electric-driven,  2500  gpa,  centrifugal 
fire  puaq>  having  a discharge  pressure  of  125  psig.  As  an  energency  backup, 
a diesel  driven  fire  puap  of  equal  capacity  and  rating  is  provided.  Both 
puops  are  automatically  started. 

System  water  is  maintained  by  an  electric-driven  jockey  pump  having  a 
capacity  of  20  gpm  and  a discharge  head  of  125  psig.  When  the  system  water 
demand  exceeds  the  jockey  pump  capability,  causing  system  pressure  to  drop 
below  a preselected  level,  the  electric-driven  fire  puaq>  automatically 
starts.  If  the  electric-driven  fire  puiap  fails  to  start,  or  if  the  water 
demand  is  so  great  that  the  system  pressure  continues  to  drop,  the  diesel 
driven  fire  pump  will  automatically  start. 

Each  fire  protection  water  storage  tank  supplies  water  to  the  fire  pump 
suction  header  which  serves  both  fire  pumps  and  the  jockey  piimp. 

Each  fire  puaq>  is  connected  to  the  external  water  distribution  piping  which 
consists  of  one  or  more  closed  loops.  The  external  loop(.s)  feed  the  yard 
fire  hydrants,  the  internal  distribution  piping,  hose  stations,  and  several 
fixed  water  type  suppression  systems. 

Isolation  valves  are  located  strategically  to  limit  the  amount  of  fire  hydrants, 
hose  stations,  or  fixed  fire  protection  equipment  which  would  be  out  of 
service  in  the  case  of  pipe  break  or  equipment  repair. 

2.1.2  Internal  Distribution  Piping  and  Hose  Stations 

The  internal  distribution  piping  supplies  water  to  the  interior  fire  hose 
valve  stations  and  the  fixed  water  type  fire  suppression  equipment.  Each 
hose  valve  station  includes  one  1-1/2  inch  hose,  one  pin  type  \cse  rack, 

75  feet  of  1-1/2  inch  fire  hose  and  one  adjustable  water  fog  nozzle. 

Gate  valves  are  provided  throughout  the  piping  to  limit  the  number  of  hose 
stations  or  fixed  equipment  affected  when  sections  of  the  fire  protection 
system  must  be  isolated  for  maintenance  or  repair. 

2.1.3  Fixed  Fire  Suppression  Equipment 

Several  different  types  of  fixed  fire  suppression  equipment  are  utilized 
throughout  the  facility  depending  upon  location  (heated  building  or  not), 
t>*pe  of  hazard,  type  and  importance  of  equipment  being  protected,  and  size 
of  area  being  protected.  Different  extinguishing  agents  and  different 
inodes  of  operation  are  employed. 

These  include  the  following: 

1 . Wet  Pipe  Sprinklers 

2.  Dry  Pipe  Sprinklers 

3.  Automatic  Water  Sprays 

4.  Halon  Suppression 

5.  Preaction  Sprinklers  or  Sprays 

6.  Fixed  Foam  Suppression 
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2.1.4  Nitrogen  Inertiag 

Nitrogen  inertiag  is  provided  for  the  following  aress: 

1 . Coal  Bunkers 

2.  Coal  Storage  Silos 

3.  Coal  Feed  Building  Lock  Hoppers 

Each  of  the  above  includes  a connection  to  the  nitrogen  gas  supply,  valves, 
piping  and  regulators  as  necessary  (final  design  concept  not  yet  determined). 

Each  of  the  above  items  is  sealed  and  constantly  flooded  with  nitrogen  gas 
to  eliminate  the  presence  of  oxygen  which  is  necessary  for  spontaneous 
combustion  of  the  coal. 

2.1.5  Portable  Fire  Extinguishers 

Portable  fire  extinguishers  of  various  types  are  provided  throughout  the 
facility  for  first  line  fire  fighting  capability.  These  units  are  selected 
as  to  type,  sized,  and  located  in  accordance  with  NFPA  Standard  No.  10  with 
respect  to  the  particular  hazards  in  the  area. 

2.1.6  Area  Fire  Detection 

Fire  Detection  is  provided  in  the  following  areas: 

1.  Inverter  Building 

2.  Oxidant  Compressors/Steam  Turbine  and  Motor  Drives  Area 

3.  Switchgear  Building 

Each  of  these  areas  is  provided  with  individual  detection  units  and  local 
fire  detection  panels. 

This  equipment  is  for  detection  and  activitation  of  local  and  remote  fire 
alarm  signals,  and  is  not  to  be  confused  with  the  detection  devices  used  in 
conjunction  with  the  automatic  operation  of  fixed  fire  extinguishing  systems. 

Approximately  (TBD)  ionization  type  fire  detectors  are  located  throughout 
the  above  areas . 

2.1.7  Plant  Fire  Alarm  Annunciation 

A main  fire  service  annunciator  panel  is  located  in  the  control  room.  This 
panel  has  audible  fire  and  trouble  alarms  and  visual  fire  and  trouble 
alarms.  Visual  alarms  on  the  face  of  the  panel  will  indicate  the  location 
of  the  alarm  and/or  the  equipment  transmitting  the  alarm.  All  signaling 
circuits  are  constantly  supervised  and  a trouble  alarm  signal  is  activated 
by  a circuit  failure  or  other  trouble  signal  initiated  with  respect  to  the 
fire  protection  system. 
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The  following  are  the  general  sources  of  the  signals  that  will  annunciate 

at  the  main  fire  service  annunciator  panel: 

1 . Valve  closure  (trouble  signal  initiated  by  position  sionitor  switches 
from  valves  throughout  the  plant). 

2.  All  sprinkler  and  water  spray  equipsient  (a  signal  fron  the  pressure 
switch  indicating  fire). 

3.  Dry  pipe  sprinkler  and  preaction  water  spray  equipaent  (trouble  signal 
by  low  air  pressure). 

4.  Fire  detection  instruments  (fire  or  trouble  signal  from  the  local  fire 
detection  panel). 

5.  Foan  protection  equipaent  (fire  or  trouble  signal  from  the  local 
control  panel). 

6.  Halon  protected  areas  (fire  or  trouble  signal  froa  local  control 
panel) . 

7.  Fire  puaps  (pusip  running,  off  automatic  start,  or  trouble  signal  from 
fire  pump  control  panel). 

8.  Water  supply  tanks  (low  water  level  and  low  water  temperature  signals). 

2.1.8  Outdoor  Distribution  Piping,  Hydrants  and  Hose  Houses 

Underground  distribution  piping  supplies  water  to  fire  hydrants  each 

having  a hose  house,  fire  hose,  and  fog  nozzle. 


2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

2.2. 1.1  Electric  Motor  Driven  Fire  Pump 

Quantity 

Type 

Capacity 

Discharge  pressure 

2.2. 1.2  Diesel  Driven  Fire  Pusq> 

Quantity 

Type 

Capacity 

Discharge  pressure 

2.2. 1.3  Jockey  Pump  (Electric  Motor  Drive) 

Quantity 

Type 


1 

horizontal,  certrifugal 
2,500  gpm 
125  psig 


1 

horizontal,  centrifugal 
2,500  gpm 
125  psig 


] 

horizontal,  centrifugal 
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Capacity 

Discharge  pressure 

2. 2. 1.4  Fire  Service  Water  Storage  Tank 

Quantity 

Capacity 

Height 

Diameter 

2. 2. 1.5  Wet  Pipe  Sprinklers 


20  gpm 

125  psig 


1 

300,000  gallons 
(TBD) 

(TBD) 


A fire  occurring  in  a room  or  area  protected  by  wet  pipe  sprinkler  equipment 
will  cause  one  or  more  sprinklers  to  open  because  of  the  heat  generated  by  the 
fire.  Water  will  discharge  only  from  the  sprinklers  that  have  had  their 
fusible  links  melted  by  the  fire. 


Wet  pipe  sprinkler  equipment  is  provided  for  the  following  areas: 


1. 

Auxiliary  Boiler  Building  - 

3,000 

sq. 

ft. 

2. 

Diesel  Fire  Pump  Room  - 

(TBD) 

sq. 

ft. 

3. 

Warehouse  - 

8,000 

sq. 

ft. 

4 . 

below  operating  and  mezzanine  levels  of  the 
Turbine  building  - 

37,200 

sq. 

ft. 

5. 

Administration,  Service  and  Machine  Shop 
Building  - 

18,000 

sq. 

ft. 

6. 

Coal  Feed  Building  - 

1,800 

sq. 

ft. 

7. 

Coal  Preparation  Building  - 

3,600 

sq. 

ft. 

8. 

Fuel  Oil  Pumphouse  - 

200 

sq. 

ft. 

Each  wet  pipe  sprinkler  area  piping  includes  a shutoff 
position  monitor  switch,  an  alarm  check  valve  or  water 

gate  valve  with 
flow  alarm,  and 

a 

sprinklers.  All  equipment  design  is  in  accordance  with  NFPA  Standard  No.  13. 
2. 2. 1.6  Dry  Pipe  Sprinklers 

Dry  pipe  type  sprinkler  equipment  is  used  in  areas  where  freezing  water 
would  render  a wet  pipe  system  inoperable.  All  piping  downstream  of  the 
dry  pipe  valve  is  filled  with  air  under  pressure  from  the  service  air 
system.  The  purpose  of  the  air  in  the  pipes  is  to  hold  the  dry  pipe  valve 
in  the  closed  position.  The  air  is  maintained  in  a specified  pressure 
range.  If  the  pressure  falls  below  a minimum,  a low  air  alarm  is  transmitted. 

The  heat  generated  by  a fire  occurring  in  one  of  the  areas  protected  by  the 
dry  pipe  sprinkler  equipment  will  cause  one  or  more  sprinklers  to  open 
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allowing  the  air  to  escape.  When  the  pressure  on  the  downstream  side  of 
the  dry  pipe  valve  reduces  to  a preselected  level  (depending  on  the  dry 
pipe  valve  design)  the  valve  will  open  allowing  water  to  discharge  from  the 
open  sprinklers. 

Dry  pipe  sprinkler  equipment  is  provided  for  the  following  unheated  areas: 


1. 

Rotary  Car  Dumper  Building  > 

3,000  sq.  ft. 

2. 

Car  Thawing  Shed  - 

12,000  sq.  ft. 

3. 

Yard  Coal  Crusher  House  and  Dust  Collector 

5,000  sq.  ft. 

4. 

Baghouse  - 

3,000  sq.  ft. 

Each  dry  pipe  sprinkler  piping  includes  a shutoff  gate  valve  with  position 
monitor  switch,  a dry  pipe  valve,  sprinklers,  air  supply,  and  alarm  pressure 

switches  (one  for  low  air  and  one  for  waterf low) . All  equipment  design  Is 

in  accordance  with  NFPA  Standard  No.  13. 

2.2. 1.7  Automatic  Water  Sprays 

Spot  type  heat  detectors  are  provided  for  all  of  the  following  hazards 
except  the  coal  conveyors.  These  detectors  will  be  spaced  as  necessary  at 
each  hazard.  A fire  or  any  overheating  of  the  coal  conveyors  will  be 
detected  by  the  continuous  line  heat  detectors.  These  detectors  transmit 
an  alarm  to  the  local  control  panel  which  sends  a signal  to  initiate 
operation  of  the  respective  deluge  valve  and  shutdown  the  conveyor.  Water 
spray  protection  is  provided  above  and  below  the  conveyor  belt. 

Automatic  water  spray  equipment  is  provided  for  all  of  the  following: 

1.  Turbine  Lube  Oil  Storage  Tank 

2.  Turbine  Lube  Oil  Conditioner 

3.  Hydrogen  Seal  Oil  Unit 

4.  Transformers 

5.  Coal  Conveyors 

6.  Boiler  Feedwater  Pumps 

A shutoff  gate  valve  with  position  monitor  switch,  a deluge  valve,  piping,  open 
water  spray  nozzles,  a water  flow  pressure  switch,  fire  detectors,  and  a 
control  panel  are  provided  for  each  of  the  above.  All  equipment  design  is  in 
accordance  with  NFPA  Standard  No.  15. 

2.2.1  8 Halon  Suppression 

Halon  1301  suppression  equipment  is  provided  for  the  main  control  room  and 
rela>  room  areas. 

Each  area  includes  a Halon  supply,  piping,,  discharge  nozzles,  control 
panel,  smoke  detectors,  and  local  alarms.  All  equipment  design  is  in 
accordance  with  NFPA  Standard  No.  12A. 
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Two  zoneg  of  detection  «re  provided  in  each  area.  These  detection  zones 
are  connected  to  the  control  panel  so  that  any  one  detector  sensing  a fire 
will  initiate  a fire  alara  signal,  and  the  system  will  automatically 
discharge  upon  receiving  a signal  from  any  detector  in  the  second  zone.  A 
predischarge  alarm  sounds  before  system  activation  to  allow  time  to  evacuate 
the  area. 

Upon  discharge,  Halon  1301  completely  floo'is  the  space  within  10  seconds, 
providing  a concentration  of  5-7  percent  by  volume.  This  concentration  is 
maintained  for  a minimum  of  at  least  10  minutes  by  constructing  the  hazard 
area  to  be  a tight  enclosure.  HVAC  equipment  and  ducts  which  transfer  air 
in  or  out  of  the  protected  space  are  automatically  shut  down. 

There  is  a main  supply  of  Halon  1301  and  a backup  supply  ready  for  imsiediate 
use  if  needed  because  of  failure  of  the  primary  supply  or  if  needed  before 
the  main  supply  can  be  replaced  after  activation. 

2. 2. 1.9  Preaction  Sprinklers  or  Sprays 

Preaction  sprinkler  or  water  spray  equipment  is  provided  with  supervisory 
air  by  connections  with  the  station  air  service  system.  The  design  is  such 
that  if  one  sprinkler  or  spray  nozzle  opened,  either  because  of  fire  or  by 
accident,  a low  air  condition  would  be  created  and  local  and  remote  trouble 
alarms  activated. 

During  normal  operation  conditions,  water  is  prevented  from  entering  the 
piping  by  a deluge  valve.  These  deluge  valves  will  only  open  if  a fire 
condition  were  detected  by  the  heat  detectors  in  the  respective  area. 

Water  would  then  be  discharged  from  only  the  sprinklers  or  spray  nozzles 
that  had  their  fusible  elements  melted  by  the  heat  of  the  fire.  Additional 
air  would  be  prevented  from  entering  the  piping  because  of  the  higher 
pressure  of  the  water  supply. 

Preaction  protection  requires  that  both  a heat  detector  and  a heat  sensitive 
sprinkler  or  spray  nozzle  operate  before  any  water  is  discharged.  This 
prevents  the  accidental  discharge  of  water  in  thf,  event  of  mechanical 
damage  to  sprinklers  or  the  sprinkler  piping  on  the  downstream  side  of  the 
deluge  valve.  This  would  also  prevent  the  accidental  discharge  of  water  in 
the  event  of  false  fire  detector  signals  or  inadvertent  manual  operation  of 
the  deluge  valve. 

Preaction  sprinkler  or  preaction  spray  protection  is  provided  for  each  of 
the  following. 

1.  Diesel  Generator  Room  (sprinkler) 

2.  Turbine  Generator  Bearings  (water  spray) 

Each  of  the  above  includes  a shutoff  gate  valve  with  position  monitor 
switch,  a deluge  valve,  a rubber  seated  check  valve,  piping,  sprinklers  or 
fusible  element  spray  nozzles,  heat  detectors,  supervisory  air,  local 
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alarms,  pressure  switches  (water  flow  and  supervisory  air),  and  a control 
panel.  All  equipment  design  is  in  accordance  with  NFPA  Standards  No.  13 
and  No.  15. 


2.2.1.10  Fixed  Foam  Suppression 

Fixed  foam  suppression  equipment  is  provided  for  the  Main  Fuel  Oil  Storage 
Tank  and  includes  a foam  tank,  piping,  valves,  alarms,  heat  detectors, 
a proportioner,  foam  makers,  and  a local  fire  panel.  All  equipment  design 
is  in  accordance  with  NFPA  Standard  No.  11.  Foam  will  form  a vapor  tight 
blanket  on  the  surface  of  the  oil. 

Fluoroprotein  foam  liquids  are  used  to  generate  the  foam.  A cold  foam  with 
a minimum  usable  temperature  not  greater  than  -20°F  will  be  used.  Foam 
solution  type,  application  rate,  number  of  discharge  outlets  (TBD). 

2.2.2  Piping  and  Valves 

As  noted  on  the  flow  diagram,  piping  nearby  the  MHD  './Uilding  is  stainless 
steel.  All  other  interior  distribution  piping  is  carbon  steel. 

The  underground  piping  is  cement  lined  ductile  iron  with  cast  iron  fittings. 

Valves  are  U.L.  listed  and/or  F.M.  approved. 

2.2.3  Electrical 

The  electric  motor  driven  fire  pump  motor  is  4,000  volt,  3 phase,  60  Hz  supplied 
from  a 4,160  volt  motor  control  center. 

The  Jockey  water  pump  motor  is  460  volt,  3 phase,  60  Hz  supplied  from  a 480  volt 
motor  control  center. 

Electrical  instruments,  controls,  and  valve  limit  switches  are  supplied  with 
power  coordinated  with  instrument  power  sources. 

2.2.4  Instruments,  Controls  and  Alarms 

2.2.4. 1 Fire  Pump  Alarms 

The  motor  driven  fire  pump  and  diesel  driven  fire  pump  have  the  following 
alarm  signals  sent  to  the  main  annunciator  panel.  One  signal  will  indicate 
that  the  respective  pump  is  "running"  and  another  will  indicate  "trouble". 

In  addition  the  diesel  fire  pump  will  transmit  a signal  if  not  kept  on 
automatic  start.  There  are  no  alarms  associated  with  the  jockey  pump. 

2. 2. 4. 2 Water  Tank  Alarms 

The  water  level  of  each  fire  service  water  supply  is  indicated  locally,  and 
a low  water  level  alarm  will  be  transmitted  to  the  main  annunciator  panel. 

The  water  temperature  is  indicated  locally  and  will  be  maintained  at  or 
above  42°F.  If  water  temperature  falls  below  42®F,  an  alarm  will  be  sent 
to  the  main  annunciator  panel. 
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2. 2. 4. 3 Fixed  Fire  Extinguishing  System  Controls 

Operation  of  any  fixed  fire  extinguishing  system  will  w«>sult  in  a local 
alarm  and  an  alarm  at  the  main  annunciator  panel. 

All  fixed  extinguishing  systems  operate  automatically  as  described  in 
sections  2.2. 1.5  through  2.2.1.10. 

All  fixed  automatic  extinguishing  systems  are  electrically  supervised. 

2. 2. 4. 4 Area  Fire  Detection  Controls 

Each  fire  detection  system  is  designed  so  that  a detector  in  the  alarm  mode 
will  send  a signal  to  its  local  detection  panel.  This  panel  will  then 
transmit  a fire  signal  to  the  main  annunciator  panel  and  activate  a local 
alarm.  The  local  detector  panel  also  supervises  the  detector  circuit  and 
transmits  a trouble  signal  to  the  main  annunciator  panel  and  sounds  a local 
trouble  alarm  upon  a failure  in  the  detector  circuit. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

A pressure  relief  valve  is  included  on  the  discharge  of  each  fire  puaip  and 
another  relief  valve  is  included  downstream  of  the  jockey  pump  to  protect 
the  fire  protection  system  from  pressures  in  excess  of  150  psig. 

3.2  HAZARDS 

There  is  a hazard  associated  with  use  of  water  hose  streams  on  electrical 
’-‘quipment. 


3.3  PRECAUTIONS 

An  extensive  training  program  for  plant  employees  should  be  instituted. 

This  program  should  incorporate  training  in  areas  such  as  the  hazards 
associated  with  coal,  the  proper  use  of  fire  protection  equipment,  and  fire 
prevention  measures. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

This  system  should  be  started  before  initiation  of  plant  operation. 

Prior  to  system  start,  the  following  should  be  verified: 

1,  The  distribution  system  must  be  completely  filled  with  water,  and  all 
air  evacuated  from  the  system. 
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2.  Power  nust  be  supplied  to  all  puBp  controllers  and  to  all  control 
panels . 

3.  All  shutoff  gate  valves  on  the  systea  aust  be  in  fully  open  position 
(except  for  drain  valves  which  should  be  in  the  position  sho%m  on  the 
fluid  systea  diagraas). 

4.  All  deluge  valves  aust  be  in  the  normal  set  condition. 

4.2  NORMAL  OPERATION 

During  normal  operation  all  systems  art-  m a state  of  readiness. 

Detection/sensing  devices  are  constantly  monitoring. 

Automatic  extinguishing  systems  function  in  the  event  of  a fire. 

Supervisory  systems  constantly  monitor  controls  for  all  fixed  automatic 
extinguishing  systems. 

Further  description  of  operation  is  found  in  Section  2.0  of  this  document. 

4.3  SHUTDOWN 

This  system  should  never  be  completely  shut  down.  Maintenance  may  be 
performed  on  sections  of  the  system  by  closing  the  appropriate  valves  and 
removing  only  that  portion  of  the  system  from  operating  condition. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

If  the  normal  source  of  water  is  eliminated  by  pipe  break,  etc.,  then  the 
system  wacer  supply  is  drawn  from  the  backup  supply. 

If  the  electric-driven  fire  pump  does  not  function  due  to  power  failure, 
etc. , then  the  diesel  fire  pump  is  automatically  started. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

All  fire  protection  equipment  and  systems  must  be  subjected  to  a complete 
inspection  and  acceptance  test  in  accordance  with  the  NFPA  National  Fire 
Codes  after  the  installation  is  completed. 

During  operation  the  supervisory  controls  described  earlier  stand  ready  to 
activate  a local  trouble  alarm  and  transmit  a trouble  alarm  to  che  main 
annunciator  panel  to  alert  personnel  of  non- functional  equipment. 

5.2  INSFRVICE  INSPECTION 

After  the  plant  is  in  operation,  periodic  inspections  and  tests  should  also 

be  conducted  in  accordance  with  the  NFPA  National  Fire  Codes,  insurance 
requirements,  and  governmental  regulations. 
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Fire  alam  and  detection  tyiteas  abould  be  subjected  to  operating  teats  and 
visual  inspection  on  a regular  basis. 

Standard  siain  drain  flow  tests  should  be  conducted  regularly  on  all  fixed 
piping  fire  protection  systeas  to  ensure  the  water  supply  is  available. 

Wet  pipe  type  sprinkler  systeas  should  be  test  operated  by  use  of  the 
inspectors  test  connections. 

All  fire  extinguishers  and  hose  ststious  should  be  inspected  regularly  to 
ensure  that  they  are  in  operating  condition. 

The  extinguishers  should  also  be  subjected  to  a hydrostatic  test  at  regular 
intervals  required  by  NFPA.  Hose  should  be  pressure  tested  on  a regular 

basis. 


5.3  PREVENTATIVE  MAINTENANCE 

Any  fire  protection  devices  found  to  be  in  need  of  aaintenance  should  be 
promptly  put  into  proper  operating  condition. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer’s  Instructions 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 
plant  personnel  in  naintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

A supply  of  spare  sprinkler  heads,  spray  nozzles,  and  fire  detectors  are 
kept  at  the  facility  for  replacing  damaged  items. 
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MHD  ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
OXIDANT  SUPPLY  SYSTEM 


l.O  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  document  presents  a description  of  the  Oxidant  Supply  System  of  the  MHD 
Engineering  Test  Facility  (ETF)  as  depicted  in  the  block  diagram  of  Drawing 
l-FS-820,  and  as  shown  in  the  Drawings  l-LO-1577-1  to  l-LO-1577-9.  "Equipment 
and  Designation"  lettering  is  given  in  Table  1.  Instrument  and  control  valve 
functional  lettering  variations  are  given  in  Table  2.  The  document  includes 
descriptions  of  system  functions,  interfaces  with  other  systems,  equipment  and 
piping  requirements,  design  criteria,  description  of  components,  operating 
Biodes  and  safety  and  oiaintenance  requirentents.  The  term  "Facility"  is  used  in 
reference  to  other  parts  of  the  ETF  not  supplied  as  part  of  the  Oxidant  Supply 
System. 


1 . 1 FUNCTIONAL  REQUIREMENTS 

The  Oxidant  Supply  System  provides  pressurised  oxidant  to  the  Intermediate 
Temperature  Oxidant  Heater  section  of  the  Heat  Recovery/Seed  Recovery  (HR/SR) 
System  at  the  flow  rate  and  pressure  required  for  the  operation  of  the  MHD 
Power  Train. 

A medium  purity  gaseous  oxygen  stream  is  produced  in  a cryogenic  air  separation 
unit  (ASU).  This  stream  is  blended  with  atmospheric  air  in  a mixing  chamber 
to  provide  a stream  with  the  required  oxygen  fraction.  The  oxidant  stream  is 
compressed  by  two  parallel  high  efficiency  uncooled  axial  compressors  driven 
by  steam  turbines. 

The  system  provides  liquid  nitrogen  (LIN)  for  cooling  the  superconducting 
magnet  and  gaseous  nitrogen  for  "uxiliary  uses  such  as  inert  gas  blanketing. 
Several  features  are  incorporated  in  the  design  to  facilitate  plant  start-up. 
These  include  provision  for  electrically  driving  one  auxiliary  compressor  and 
storage  of  oxygen. 

1 . 2 SYSTEM  INTERFACES 


The  Oxidant  Supply  System  interfaces  are 
systems  which  interface  with  the  oxidant 
respective  "System  Design  Description", 
with  the  following  subsystems: 
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Reheat  Steam  Syatem 
Auxiliary  Steam  Syatem 
Condenaate  Syatem 
Electrical  Pouer  Syatem 

Intermediate  Temperature  Oxidant  Heater  Section  of  HR/SR 
Circulating  Water  Syatem 
Magnet  Syatem  (LIN  Supply) 

Facility  Central  Control  Syatem 
Facility  Central  Protection  Syatem 


1.3  DESIGN  CRITERIA 


Deaign  criteria  for  the  Oxidant  Supply  Syatem  are  the  ayatem  outputa,  derived 
inputa  and  accompanying  proceaa,  mechanical  and  electrical  requirementa  Which 
are  uaed  to  aelect  aiae  and  deaign  componenta  and  to  determine  performance. 

The  ayatem  configuration  vaa  aelected  on  the  baaia  of  atudiea  performed  under 
NASA  Contract  DEN  3-165.  In  theae  atudiea > eighteen  (18)  caaea  incorporating 
vsriationa  of  ayatem  configuration  and  component  equipment  were  evaluated. 

All  caaea  were  deaigned  to  deliver  the  aame  oxidant  atream  (an  air  atream 
enriched  to  a total  of  30. OZ  oxygen  by  volume)  at  the  aame  delivery  preaaure 
(117.6  psia).  Each  case  was  optimised  to  minimize  its  power  consumption. 

The  study  was  based  on  an  MHD  plant  requiring  three  times  the  capacity  needed 
for  the  ETF,  but  it  used  three  parallel  equipment  trains  to  produce  the 
capacity.  The  use  of  one  equipment  train  is  satisfactory  for  the  ETF  and  is 
used  herein. 

The  criteria  used  for  final  Oxidant  Supply  System  selection  and  deaign  are 
(not  necessarily  in  the  order  of  priority): 

a.  Total  power  consumption  of  the  Oxidant  Supply  System  shall  be  at,  or  very 
near  to,  the  minimum  of  all  cases  considered. 

b.  Total  capital  coat  of  the  Oxidant  Supply  System  shall  be  at,  or  very  near 
to,  the  minimum  of  all  cases  considered. 

c.  Total  operating  and  maintenance  costs  of  the  Oxidant  Supply  System  shall 
be  at,  or  very  near  to,  the  minimum  of  all  cases  considered. 

d.  The  Oxidant  Supply  Syatem  process  design  shall  be  based  on  technology 
currently  in  use  and  having  a high  level  of  reliability  and  availability. 

e.  All  components  shall  be  available  on  the  present  day  market. 

The  case  selected  for  the  ETF  Oxidant  Supply  System  is  among  the  lowest  in 
power  consumptioi'  of  the  cases  considered,  with  the  possible  exception  of  some 
advanced  systems  utilizing  liquid  pumping  that  might  require  some  development. 
It  is  the  lowest  in  capital  cost,  and  in  operating  and  siaintenance  costs. 
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It  is  nearly  identical  to  the  "The  Blast  Furance  Oxygen  Plant  System  at 
Schwelgern"  (see  reference  cited).  This  plant  has  been  available  to  its 
customers  at  August  Thyssen-Huette  AG  essentially  around  the  clock  since  being 
coesnissioned  in  1973.  Shutdoun  has  been  yearly,  or  less  frequent,  and  then 
for  only  a brief  period  of  maintenance  required  by  the  entire  Thyssen  complex. 
The  selected  system  has  proprietary  elements,  but  no  development  components, 
and  could  be  procured  on  the  present  market. 


1.3.1  Codes  and  Standards 


Engineering  design  criteria  for  all  disciplines  is  in  accordance  with  appli- 
cable codes,  standards,  regulations,  and  guides  issued  by  governmental  agencies 
and  recognized  standards  organizations. 


Codes  and  Standards  applicable  to  the  design  of  the  Oxidant  Supply  System 
including  equipment  specificstions,  layout,  safety  considerations,  and 
mechanical,  electrical  and  structural  work  and  components  are  described  in 
detail  below.  If  no  codes  or  standards  are  available  or  applicable,  best 
industry  practice  and/or  Linde  AG/Lotepro  standards  are  used.  This  also 
applies  in  those  cases  where  Linde  AG/Lotepro  standards  exceed  industry  norms. 


1.3. 1.1  Pressure  Vessels 


All  pressure  vessels  are  designed,  fabricated,  inspected  and  tested  in 
accordance  %Ath  the  latest  edition  of  the  American  Society  of  Mechanical 
Engineers  (ASHE)  Boiler  and  Pressure  Vessel  Code  for  Unfired  Pressure  Vessels, 
Section  VIII,  Division  1. 

Shell  and  tube  heat  exchangers  are  designed,  fabricated,  inspected  and  tested 
in  accordance  trith  the  Tubular  Exchangers  Manufscturers  Association  (TEMA) 
Codes  and  with  Heat  Exchange  Institute  (UEI)  Standards. 

Heat  exchangers  of  special  design  are  designed,  fabricated,  inspected  and 
tested  in  accordance  with  Linde  AG  specifications. 

All  threaded  and  flanged  process  and  utility  connections  to  pressure  vessels 
have  American  National  Standards  Institute  (ANSI)  standard  dimensions. 


1.3. 1.2  Piping 

All  cryogenic  piping  design,  fabrication,  inspection,  and  testing  conform  to: 

ANSI  B31.3,  Petroleum  Refining  Piping  >nd  Compressed  Gas  Association  (CGA) 
"Safe  Practices  Guide  for  Air  Separation  Plant." 
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All  piping  in  othtr  ••rvxcni  ihtll  b«  dasignnd,  fabricatnd,  caaCad  and 
impacted  aa  par  ANSI  B31.3. 

All  atructural  welda  on  procaaa  gaa  pipalinaa,  Mhathar  ahop  or  field 
fabricated,  are  to  be  aubjected  to  radiographic  analyaia. 

All  threaded  and  flanged  piping  connectiona  throughout  the  Oxidant  Supply 
Syatem  have  ANSI  atandard  dimenaiona. 

All  equipment  rated  for  oxygen  aervice  ia  deaigned,  fabricated  and  inatalled 
in  accordance  %nith  all  applicable  aectiona  of  the  following  atandarda; 

CGA  Pamphlet  G-4.4,  *'Induatrial  Practices  for  Gaaeoua  Oxygen 
Tranamission  and  Distribution  Piping  Systems;" 

NASA  SP-3090,  "ASROI  Oxygen  .hnology  Survey  Volume  IX: 

Oxygen  Systems  Engineering  Review;  1975"; 

NASA  SP-3037,  "ASRDI  Oxygen  Technology  Survey  Voluaie  II: 

Cleaning  Requirements,  Procedures  and  Verification  Techniques, 

1972". 


1.3. 1.3  Electrical  Equipment  and  Wiring 


All  electrical  equipment  and  vriring  shall  be  designed,  fabricated  and 
installed  in  accordance  with  the  requirements  of: 

National  Electrical  Manufacturers  Association  (NEMA); 

National  Electrical  Code  (NEC); 

Institute  of  Electronics  and  Electrical  Engineers  (IEEE); 
Underwriters'  Laboratories,  Inc.  (Di  ). 


1.3. 1.4  Foundations,  Structural  Steel.  Buildings. 
and  Miscellaneous  Structures 


Design  and  construction  are  in  compliance  with  the  following  codes  and 
standards : 

Uniform  Building  Code,  Latest  Edition 

American  National  Standards  Institute  (ANSI) 

"American  National  Standard  Building  Code  Requirements  for 
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Miniaua  Dtsign  Loads  in  Building  and  Othar  Structuraa" (ANSI  A}8>1-1972)« 

Occupational  Saftty  and  Health  Act  (OSKA). 

American  Institute  of  Steel  Construction  (AISC) 

"Specification  for  the  Design,  Fabrication  and  Erection  of 
Structural  Steel  for  Buildings,"  February,  1969,  and 
Supplements. 

The  American  Concrete  Institute  (ACI) 

"Building  Code  Requirements  for  Reinforced  Concrete" 

CACI-318-71) , and  "Manual  of  Standard  Practice  for  Detailing 
Reinforced  Concrete  Structures"  (ACI-315) 

American  Society  for  Testing  and  Materials  (ASTM) 

American  Welding  Society  (AWS) 

Research  Council  on  Riveted  and  Bolted  Structural  Joints  of  the 
Engineering  Foundation.  "Specification  for  Structural  Joints  Using  ASTM 
A32S  or  A490  Bolts" 

American  Iron  and  Steel  Institute  (AISI).  "Specification  for  the  Design 
of  Cold-Formed  Steel  Structural  Members" 

Structural  Engineers  Association  of  California  (SEAOC) 

"Reconmended  Lateral  Force  Requirements,"  1975 

American  Petroleum  Institute  - API  617  "Centrifugal  Compressors  for 
General  Refinery  Services",  4th  Edition  1979. 

Foundation  equipment  bases  and  footings  are  designed  and  constructed  as  per 
applicable  requireisents  specified. 

Structural  steel  used  to  support  process  units  is  designed  and  constructed  as 
per  applicable  requirements  to  be  specified. 

Personnel  protection  walls  in  the  compressor  building  are  designed  and 
constructed  to  conform  to: 

"European  Working  Panel  (EWP)  Code  of  Practice  for  Turbo 
Compressors  for  Oxygen  Service",  Section  2.2.2,  vfiich 
states : 

"Precautions  are  to  be  taken  to  avoid  danger  and  injuries  to 
personnel.  The  following  solutions  are  good  practice. 
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Tht  hasard  araa  la  aurroundad  by  an  ancloaura 
idiich  ahall  ba  at  laaac  alx  faac  and  aavan  inchaa 
high  (tw  BMtara  high)  and  praventa  lina  of  aight 
btt%«an  tha  conpraaaor  and  oparator  araaa  wichin 
100  faat  (30  aatara).  Tha  ancloaura  ahall  axtand 
above  tha  highaat  laval  of  aquipnanc  within  it. 


The  haxard  araa  ia  totally  ancloaed.  In  thia 
caae  exploaion  doora  wat  be  provided,  above  head 
height,  to  avoid  overpreaauriaing  in  the  event  of 
an  accident.  Adequate  ventilation  ahould  ba  provided. 

The  encloaure  ahall  be  of  aturdy  conatruction  and  of 
a material  which  ia  fire  reaiatant  in  the  preaance  of 
oxygen.  A gap  at  floor  level  may  be  needed  in  the 
encloaure  to  provide  adquate  ventilation.  Where  open- 
ings are  provided  in  the  enclosure  for  the  removal  of 
machine  components,  e.g.  cooler  tube-bundles,  then  such 
openings  must  be  covered  %rith  bolted  panels  when  the 
machine  is  on  oxygen  service.  All  inspection  porta  in 
the  enclosure  must  be  covered  %rith  suitable  transparent 
miterial,  adquately  reinforced." 


1.3.2  Design  Parameters 


The  nominal  design  case  for  the  Oxidant  Suppply  System  consists  of  the 
expected  normal  operating  conditions  for  the  ETF  plant.  The  oxidant  supply 
system  was  designed  for  peak  efficiency  at  the  nominal  design  capacity.  The 
design  does  not  incorporate  minor  changes  in  design  parameters  due  to  later 
revision  of  the  ETF  heat  and  mass  balance.  Values  quoted  below  may  vary 
slightly  from  values  used  by  GAI  elsewhere  in  the  ETF  Conceptual  Design 
Engineering  Report  (CDER). 

The  Oxidant  Supply  System  design  and  operating  parasiecers  were  selected  by 
combining  the  plant  performance  optimization  studies  (described  in  Appendices 
B and  C of  the  "System  Design  Description"  (SDD-302)  for  the  HHD  Power  Train 
System)  with  economic  consideration  (including  those  already  described  in 
Section  1.3).  These  dictate  the  use  of  the  percentage  of  oxygen  enrichment 
given  below,  the  use  of  low  pressure  air  in  the  ASU,  the  use  of  a high  effi- 
ciency (low  power  consuming)  ASU  compressor  with  intcrcooling/  af tercooling, 
and  the  use  of  uncooled  high-efficiency  axial  compressors  to  develop  the 
oxidant  pressure  given  below. 
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The  primary  design  parasMtcrs  are: 

Percentage  (by  volume)  of  oxygen 
in  the  oxidant  stream 

30  X 

Oxidant  delivery  pressure 

73.5  paia 

Oxidant  delivery  temperature 

4370F 

Oxidant  smss  flow  rate 

875,871  Ibs/hr 

Specific  power  consumption  of  the 
ASU  compressor  (when  referenced  to 
a standard  14.7  psia  atmosphere) 

196  kW-hr  per  ton 
of  equivalent  pure 
oxygen* 

ASU  product  purity 

70  Z (by  volume 
oxygen) 

ASU  capacity 

1500  tons  per  day 
of  contained  oxygen 

ASU  product  pressure 

13.5  psia 

NOTE:  *The  term  "Equivalent  Pure  Oxygen"  is  used  in  normalizing  the  capacity 

and  specific  power  consumption  of  air  separation  plants  providing  impure 
oxygen.  If  the  plant  product  is  considered  to  be  a mixture  of  air  and  pure 
oxygen,  the  term  "equivalent  pure  oxygen"  refers  to  only  the  pure  oxygen  and 
excludes  the  oxygen  contained  in  the  admixed  air. 


1.3. 2.1  Ambient  Air  Conditions 


The  ambient  air  conditions  are  based  on  the  hypot.ietical  Montana  site  selected 
for  ETF.  Table  3 gives  the  compositions  of  the  ambient  air,  the  ASU  product 
(70  X by  volume  oxygen)  and  the  oxidant  stream  for  the  Montana  site. 


1 . 3 . 2 . 2 Cooling  Water  Supply  and  Return  Conditions 


The  cooling  water  required  for  the  Oxidant  Supply  System  is  provided  by  the 
Circulating  Water  System  of  the  ETF  Facility.  The  cooling  water  conditions 
used  to  size  equipment  are: 


Supply 

Return,  max. 


7A  OF  23.3  oc 

89  OF  31.7  oc 


allowed 
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The  cooling  tater  is  supplied  at  a pressure  of  approxioMtely  50  psig. 


1.3. 2. 3 Steam  Conditions 


Steam  is  available  from  the  Facility  Reheat  Steam  System  (see  SDD-011  and 
Fluid  System  Diagram  No.  501-302-011)  for  the  air  and  oxidant  compressor  steam 
turbine  drives. 

Inlet  Conditions 

Pressure 

Temperature 

Enthalpy 

Outlet  Conditions 

Pressure  working  into  condenser  set 

for  2.5  in  (64  mm)  Hg  absolute. 

Temperature  108.7  °F  42.6  ®C 

Enthalpy  1102.3  Btu/lb  2.564  MJ/kg 

Low  Pressure  Steam  is  available  from  the  Facility  Auxiliary  Steam  System 
(SDD-051  and  Process  Flow  Diagram  No.  507-302-051)  for  use  in  the  liquid 
oxygen  and  liquid  nitrogen  vaporizers  and  for  other  system  purposes  such  as 
deriming  (moisture  eliminating). 


395.0  psia 
1000  OF 
1523.0  Btu/lb 


27.23  bar 
537.8  oc 
3.542  MJ/kg 


2.0  DESIGN  DESCRIPTION 


The  Oxidant  Supply  System  consists  of  the  ASU,  the  ASU  Compressor  with  its 
Auxiliaries,  the  Mixing  Chiunber,  three  Oxidant  Compressors,  and  the  Liquid 
Storage  System. 


2.1  SUMMARY  DESCRIPTION 


The  Oxidant  Supply  System  (Drawing  l-FS-820)  provides  pressurized  oxygen- 
enriched  air  to  the  Intermediate  Temperature  Oxidant  Heater  section  of  the 
Heat  Recovery /Seed  Recovery  (HR/SR)  System  at  the  flowrate  and  pressure 
required  by  the  MHD  power  train.  Medium  purity  oxygen,  produced  in  a 
cryogenic  Air  Separation  Unit  (ASU),  is  mixed  with  ambient  air  in  a mixing 
chamber.  Two  uncooled  axial  compressors  raise  the  oxidant  pressure  to  the 
value  desired. 
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2.1.1  Air  Separation  Unit  (ASU) 

The  ASU  produces  e Medium  purity  oxygen  etreem  by  eepareting  air  into  it* 
oxygen  end  nitrogen  components  in  e double  distillation  column.  Compressed 
sir  from  the  ASU  Compressor,  cooled  by  the  oxygen  end  nitrogen  product  streams 
to  near  liqusfaction  temperature,  enters  the  lc«mr  column  «Atere  the  first 
stage  of  separation  occurs.  Liquified  intermediate  products  are  reduced  in 
pressure  and  fed  into  the  upper  column  tdiere  the  separation  is  completed.  The 
oxygen  product  is  delivered  as  a gas  at  near  ambient  conditions.  Some  liquid 
oxygen  and  nitrogen  products  may  be  withdrawn  for  storage  for  use  in  plant 
startup,  magnet  cooling,  etc. 

Major  elements  of  the  ASU  include: 

Reversing  hest  exchanger  (revex)  and  stdtehing  valves 
Lower  and  upper  distillation  columns 
Expansion  turbines  and  valves 
Impurity  adsorbers 


2.1.2  ASU  Compressor  and  Auxiliaries 


This  system  provides  compressed  sir  to  the  ASU  at  a temperature  slightly  above 
ambient. 

Major  elements  include: 

Filter  and  silencer 

Compressor  and  steam  turbine  drive 

lntercooIer(s ) 

Aftercooler 


2.1.3  Oxidant  Mixing  Chamber 


The  Oxidant  Mixing  Chamber  blends  incoming  atmospheric  air  «rith  oxygen  product 
from  the  ASU  to  provide  an  oxygen-enriched  stream  suitable  for  operation  of 
the  MHD  Potmr  Train. 

Major  elements  include: 

Filter  and  silencer 
Mixinii;  chamber 
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2.1.4  Oxidant  Co«prt> »ori 


Th«  blended  oxygen  strean  ia  conpresacd  by  uncooled  axial  conpreseora  rated 
for  enriched  air  aarvice  at  up  to  40  voluiae  percent  oxygen.  The  blended 
stream  is  delivered  to  the  HR/SR  system  for  heating  and  delivery  to  the  MHD 
combustor. 

Three  30  X oxidant  flow  compressors  are  used  for  redundancy.  One  compressor 
is  driven  by  an  electric  SK>tor  to  facilitate  startup.  The  other  two  compres- 
sors are  steam  turbine  driven. 

Major  elements  include: 

Oxidant  compressor  and  electric  motor  drive 
Oxidant  compressor  and  steam  turbine  drive  K.2) 

2.1.3  Liquid  Storage  System 

Liquid  oxygen  storage  is  provided  for  plant  startup  and  to  improve  plant 
availability  by  providing  a supply  of  medium  purity  oxygen  gas  to  the  mixing 
chamber  during  maintenance  or  failure  of  the  ASU  or  its  air  compressor. 

Liquid  nitrogen  storage  is  provided  for  magnet  cryogenic  supply  and  plant 
auxiliary  uses,  such  as  blanketing  or  accelerating  ASU  cooldown. 


Major  elements  include: 

Liquid  oxygen  and  nitrogen  storage  tanks 
Evaporators 


2.1.0  Process  Description  of  the  Air  Separation  Unit  (ASU) 
and  ASU  Compressor 

IDrswings  l-FS-813  & l-FS-813,  see  Tables  1 and  2 
for  symbols) 

The  basic  principle  of  the  ASU  process  is  to  separate  out  various  components 
of  liquefied  air  at  their  respective  boiling  points.  To  achieve  this,  an  air 
separation  plant  must  contain  equipment  to  perform  the  following  functions: 

a.  Air  compression 

b.  Cooling  the  air  to  its  liquefaction  temperature 

c.  Removal  of  water  vapor  and  carbon  dioxide  from  the  air 

d.  Ret r igerat ion 
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e.  Liquefaction 

£.  Air  eeparation 

g.  Renoval  of  dangerous  iapurities 

A detailed  description  of  the  operation  of  the  major  squipment  is  given  in 
Section  2.2.1  below. 


2.1.6. 1  Air  Compression 

(Drawing  l-FS-813) 

The  air  to  be  separated  is  filtered  through  filter  (FI),  then  passes  through  a 
silencer  (SL)  to  be  compressed  by  the  ASU  air  compressor  (Cl)  to  the  required 
pressure.  The  heat  of  compression  is  removed  by  the  intercooler(s)  (El-A  and 
El-B)  and  an  aftercooler  (E2). 


2.1.6.2  Cooling  the  Air  to  its  Liquefaction  Temperature 
(Drawing  l-FS-815) 

In  the  reversing  heat  exchangers  ("revexes"  E3  and  E4)  the  air  is  cooled  to 
its  liquefaction  temperature  and  then  fed  into  the  lower  distillation  column, 
or  as  it  is  more  commonly  called,  the  pressure  column  (Tl),  The  heat  removed 
from  the  air  during  the  cooling  process  is  transferred  via  the  reversing  heat 
exchangers  to  the  product  streams  (medium  purity  oxygen,  waste  nitrogen  and 
prefsurized  nitrogen),  warming  the^  to  ambient  temperature.  Products  which 
must  be  supplied  dry  and  free  of  carbon  dioxide  are  passed  through  non- 
reversing passages  in  the  revexes  (E3  and  E4). 


2. 1.6. 3  Removal  of  Water  Vapor  and  Carbon  Dioxide  from  the  Air 


Any  water  vapor  and  carbon  dioxide  present  in  the  inlet  air  would  lead  to 
blockages  in  the  low-temperature  part  of  the  ASU  due  to  the  formation  of  ice 
and  dry  ice.  These  two  components  are  removed  in  the  reversing  heat  exchangers 
(revexes  E3  and  E4)  of  this  type  of  plant. 

The  vmter  vapor  and  carbon  dioxide  present  in  the  air  solidifies  on  the  walls 
of  the  revex  passages  as  the  air  is  cooled.  By  passing  the  inlet  air  and 
product  %«ste  nitrogen  streams  alternately  through  this  equipment,  the  solid 
deposits  are  removed  and  leave  with  the  waste  nitrogen  as  it  is  warmed. 
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2. 1.6.4  Refrigeretion 


Refrigeration,  required  to  offtct  heat  leakage  through  the  insulation  and  to 
allow  removal  of  cold  liquids  from  the  ASU,  is  obtained  by  expanding  air  in 
the  expansion  turbines  (ETl  and  ET2)  and  throttling  valves. 


2. 1.6. 5 Liquefaction 


Liquefaction  occurs  in  the  liquefiers  (E3  and  E6)  and  in  the  main  and 
auxiliary  condensers  (K1  and  K2). 

Air  is  condensed  in  the  liquefiers  by  heat  exchange  vdth  cold  product  gas 
streams.  The  liquid  is  then  fed  into  the  high  pressure  column  (Tl). 

In  the  main  condenser,  located  between  the  high  and  low  pressure  columns  (Tl 
and  T2),  heat  exchange  takes  place  between  gaseous  nitrogen  at  the  top  of  Tl 
and  impure  liquid  oxygen  at  the  bottom  of  T2.  Due  to  the  difference  in 
pressure  in  the  two  streams,  the  nitrogen  is  liquefied  and  the  liquid  oxygen 
is  partially  vaporized.  Both  streams  remain  in  their  respective  columns,  so 
as  to  maintain  the  rectification  efficiency.  Additional  liquefaction  occurs 
in  the  auxiliary  condenser. 


2. 1.6. 6.  Air  Separation 


The  air  is  first  separated  in  the  high  pressure  column  (Tl)  to  give  an  oxygen* 
rich  liquid  and  nitrogen  gas.  The  oxygen-rich  liquid  is  fed  from  the  base  of 
the  high  pressure  column  through  a throttle  valve  to  the  low  pressure  column 
(12).  The  feed  point  in  T2  is  chosen  so  that  the  composition  of  feed  and  the 
liquid  at  that  point  in  the  column  are  similar.  Part  of  the  liquid  nitrogen 
is  fed  from  the  head  of  the  high  pressure  column  through  a throttle  valve  to 
the  head  of  the  low  pressure  column.  The  liquid  stream  is  first  sub-cooled  in 
a heat  exchanger. 

The  final  separation  of  the  air  takes  place  in  the  low  pressure  column  (T2)  as 
rising  nitrogen  gas  causes  oxygen  to  condense  and  flow  downward  to  the  main 
condenser  (Kl).  The  medium  purity  (70Z  by  vol)  oxygen  from  the  base  of  T2  is 
taken  as  a liquid  to  auxiliary  condenser  (K2)  where  it  is  evaporated.  The 
products,  medium  purity  oxygen  and  nitrogen,  are  warmed  to  ambient  temperature 
by  passing  through  the  various  heat  exchangers. 

Producing  medium  purity  oxygen  in  T2  lowers  the  temperature  of  the  boiling 
oxygen  in  the  main  condenser  Kl  below  that  of  pure  oxygen.  This  in  turn 
lowers  nitrogen  pressure  in  the  pressure  column  Tl  needed  to  maintain  the 
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required  differential  betueen  the  boiling  points  in  the  two  colunns. 
Consequently , the  inconing  ASU  air  needs  only  to  be  cootpressed  to  a nominal  4 
atm  compared  to  the  nominal  6 atm  required  for  pure  oxygen.  This  lowers  the 
ASU  compressor  power  consumption  to  196  kW-hr  per  ton  of  "equivalent  pure 
oxygen"  for  the  design  case. 


2. 1.6. 7 Removal  of  Hazardous  Impurities 


Due  to  the  continuous  vaporization  of  liquid  oxygen  in  the  condenser  (Kl)  there 
is  the  danger  of  fires  resulting  from  hydrocarbon  enrichment  particularly 
acetylene.  This  enrichment  can  be  avoided  by  periodic  removal  of  liquid 
oxygen  from  the  condenser.  For  this  reason,  a small  fraction  of  the  condenser 
liquid  is  removed  via  pumps  (Pl  and  P2)  and  liquid  adsorber  (A3).  The  liquid 
is  vaporized  downstream  of  the  adsorber  which  removes  the  hydrocarbon 
impurities.  If  high  hydrocarbon  concentrations  are  expected,  one  or  more 
adsorbers  may  be  placed  in  the  product  reflux  line  which  transfers  bottom 
column  product  to  the  top  column. 

The  liquid  product  transferred  to  LOX  storage  is  also  cleaned  using  this 


system. 

2.2. 

DETAILED  DESCRIPTION 

2.2.1 

Major  Equipment 

2. 2. 1.1 

ASU  Compressor  Systems 

(Drawing  l-FS-813) 

This  system  takes  ambient  air  and  compresses  it  to  the  pressure  required  by 
the  ASU.  The  compressor  is  driven  by  a steam  turbine  using  steam  from  the 
Facility  Reheat  Steam  System. 


2 . 2 . 1 . 1 . 1 Air  Filtration  System  (I  required) 

(Drawing  l-LO-1577-4  and  l-FS-813) 


This  system  (FI)  incorporates  dual  stage  filtration  with  a resultant  pressure 
drop  of  0.2  psi.  The  first  stage  is  designed  for  automatic  surface  renevni, 
the  second  stage  is  of  semi-rigid  replaceable  design. 

The  air  filter  removes  99.5  X of  all  particles  10  micrometer  (microns)  or 
larger,  97  X of  all  particles  2 micrometer  or  larger  and  93  X of  all  particles 
1 micrometer  or  larger. 


13 


SDD-SOl 
Rev.  8-12-81 


The  filter  houeing  ie  equipped  with  ladders  and  platforaa  for  routina  nain- 
tenance,  doors  to  allow  replacamant  and  servicing  of  filter  elsMnts  and  surge 
doors  to  relieve  back  pressure  should  a conpreasor  surge  occur. 


2. 2. 1.1.2  Silencer  (I  required) 

^Dratfings  l-LO-1577-4  and  l-FS-813) 


The  silencer  (SL)  is  designed  to  sMintain  noise  levels  in  the  vicinity  of  the 
ASU  compressor  to  a "time  weighted  average"  less  than  85  decibels  over  an 
eight  hour  period.  Pressure  drop  through  the  silencer  is  approximately  0.2 
psi. 


2. 2. 1.1. 3  Air  Flow  Metering  Line 


As  shown  on  Drawing  l-LO-1577-4,  the  pipe  from  the  silencer  to  the  inlet  of 
the  ASU  compressor  is  quite  long,  so  as  to  provide  accurate  flow  measurement. 
The  calibrated  venturi,  used  for  flow  measurement  in  the  automatic  flow 
control  of  inlet  air  system,  is  locsted  in  this  pipe. 


2.2. 1.1.4  ASU  Air  Compressor  (1  required) 

(Drawings  l-LO-1577-1,  l-LO-1577-5  and  l-FS-813) 


The  ASU  air  compressor  (Cl)  is  of  axial^centrifugal  design,  coupled  directly 
to  a steam  turbine  driver.  This  compressor  was  selected  to  maintain  low  power 
consumption  for  the  ASU* 

For  the  nominal  design  case,  the  DEMAG  AR  250/7/lF  compressor  has  been 
selected.  Detailed  interconnections  of  fluid  flows  are  shown  on  Dratdng 
l-FS-813.  One  intercooler  (El-A)  is  used  for  this  particular  compressor. 

The  compressor  has  a single  horitontally  split  case  with  several  axial  stages 
and  one  radial  stage.  The  intercooler  (El-A)  is  between  the  last  axial  stage 
and  the  radial  stage. 

A discharge  blow-off  valve,  silencer  and  relief  valve  are  provided  for  the 
compressor  snd  are  integrated  into  the  surge  control  system. 

A complete  lubrication  system  is  provided  to  supply  the  compressor  and  driver. 

The  compressor  is  surrounded  by  protective  walls  as  described  in  Section 
1.3. 1.4. 
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2. 2. 1.1. 5  Intercooler  (1  required) 
(Drawing  l-FS-813) 


The  ASU  coapretsor  intercooler  (El-A)  ie  a recuperator  which  coola  the  air  flow 
between  the  laet  axial  stage  and  the  radial  stage.  The  Facility  Circulating 
Water  System  (SDD-201  and  Process  Flow  Diagram  No.  571-302-201)  supplies  the 
cooling  water. 

The  intercooler  is  an  ASHE-coded  vessel  with  a carbon  steel  shell  and 
stainless  steel  internals.  The  intercooler  is  supplied  with  atmospheric 
vents,  drains,  and  moisture  removal  equipment. 


2. 2. 1.1. 6  Steam  Turbine  Drive  (1  required) 

(Drawings  l-LO-1577-1  and  l-LO-1577-5) 


The  ASU  compressor  drive  is  a full  condenai'ig  steam  turbine. 

A surface  condenser  rated  for  100  X condensing  capacity  with  sero  extraction 
at  Resign  speed  and  maximum  air  flow  conditions  is  provided.  The  condensate 
is  returned  directly  to  the  Facility  Condensate  System  (SDD-101  and  Process 
Flow  Diagram  511-302-101). 

Removal  of  non-condensibles  from  the  surface  condenser  is  provided  by  the 
Facility  Condensate  System. 

T^.e  turbine  drive  is  supplied  from  the  common  oil  supply  unit  of  the  compres- 
sor (Cl).  Included  are:  a hydraulically  operated  stop  valve,  strainer  in  the 

stop  valve,  multi-valve  automatic  steam  control  valve  gear,  multi-valve  non- 
throttling extraction  control  valve  gear,  .mtomatic  oil-operated  non-return 
valve  for  extraction  line  (arranged  for  .i  romatic  closinga  by  overspeed 
governor),  shaft  packing  steam  seal  system,  sentinel  warning  valve  on  turbine 
exhaust  casing. 


2 . 2 . 1 . 1 . 7  Direct  Contact  Aftercooler  (1  required) 

(Drawings  l-FS-613,  l-FS-820,  and  1-LO-1577-A) 


One  aftercooler  (E2)  for  the  process  air  using  cooling  water  from  the  Facility 
Plant  Circulating  Water  System  is  provided.  It  also  acts  as  a surge  drum  to 
protect  the  air  compressor  during  heat  exchanger  reversals.  • 

In  addition,  the  aftercooler  also  serves  as  a wash  tower  to  remove  any 
possible  corrosive  contaminants  from  the  air. 
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The  eftercooler  is  of  spray  type  design  and  includes  a aist  eliainator  to 
remove  entrained  isoisture  froa  the  gas  discharge.  It  is  an  ASME-coded  veaael 
with  a carbon  steel  shell,  lined  with  corrosion  resistant,  non-porous  epoxy 
and  fitted  lAth  304  stainleas  steel  internals.  The  aftercooler  is  supplied 
with  ataospheric  relief  valves,  drains,  aist  eliainator,  and  aianholes  for 
removal  of  column  internals  for  maintenance  and  repair. 

The  air  compressor  aftercooler  (spray  cooler)  requires  a later  pressure 
substantially  above  the  aftercooler  air  pressure  of  60  psia.  Booster  pumps 
are  provided  to  raise  the  available  vater  pressure  to  approxiisately  90  psig. 
The  air  compressor  aftercooler  is  designed  to  have  a water  storage  capacity  of 
three  minutes  at  maximum  cooling  tater  flow.  Steam  tracings  of  the  bottom 
part  of  the  vessel  are  provided  to  prevent  freezing. 


2.2. 1.2  Air  Separation  Unit  (1  required) 

(Drawings  l-LO-1577-2  and  l-LO-1577-7 ) 

The  air  separation  unit  consists  of  a coldbox  subdivided  into  a number  of 
coldbox  subassemblies  as  described  hereafter. 


2. 2. 1.2.1  Coldbox  Assembly  (1  required) 

(Drawings  No.  l-LO-1577-2  and  l-LO-1577-7) 

The  assembly  consists  of  several  connected  boxes,  namely  the  column  cold  box, 
the  adsorber  cold  box,  Che  revex  cold  boxes,  the  valve  cold  box  and  the 
expander  cold  box.  Drawing  No.  l-PS-815  shows  their  placement  in  the  flow 
schematic . 

All  coldbox  equipment  is  designed  for  Pearlite  insulation.  All  cryogenic 
equipment  is  installed  in  carbon  steel  casings,  vapor  proof  and  nitrogen 
purged.  Material  for  the  equipment  inside  the  cold  box  is  primarily  aluminum, 
including  the  columns,  trays,  and  piping.  Flanged  connections  are  minimized. 
Wherever  they  are  used,  they  are  insulated  with  mineral  wool.  All  equipment 
is  provided  with  stainless  steel  supports.  Dump  chutes  are  provided  for 
removal  of  the  Pearlite  insulation. 

The  following  equipment  is  installed  inside  the  coldbox  assemblies: 

One  (1)  heat  exchanger  assembly  (composed  of  reversing  exchangers,  E3  and  E4) 
with  reversing  passes  for  air  and  waste  nitrogen,  and  non-reversing  passes  for 
medium  purity  oxygen  product,  pressurized  nitrogen  product,  and  expansion 
turbine  gas.  Included  are  a timing  device  to  actuate  reversal  of  the  passes, 
switch  valves  at  the  warm  end,  and  butterfuly  valves  at  the  cold  end  of  the 
exchanger  assembly. 
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Ona  (L)  Prestura  Column  (Tl) 

Ona  (1)  Uppar  Column  (T2) 

One  (1)  Intercolumn  Condaneer /Reboiler  (Kl) 

One  (1)  Auxiliary  Condenser /Reboiler  (K2) 

Tuo  (2)  Subcoolers  (E7-A  and  E7-B) 

Two  (2)  Air  Liquefiers  (E5  and  E6) 

Two  (2)  First-Stage  Hydrocarbon  Adsorbers  (A1  and  A2)  for  oxygen  enriched  sump 
liquid  of  the  high  pressure  column.  Supply  includes  initial  adsorbent  charge. 
Fill  and  discharge  connections  are  provided.  One  adsorber  is  in  operation 
while  the  other  is  reactivated /on  standby. 

One  (1)  Second-Stage  Hydrocarbon  Adsorber  (A3)  for  the  oxygen  slipstream  from 
reboiler  (Kl). 


All  interconnecting  piping  for  the  elements  contained  mthin  the  coldboxes 
from  the  feed  inlet  to  the  product  outlets. 

All  process  valves,  operating  valves  and  drains,  deriming  (moisture 
eliminating)  and  safety  valves.  Drains  and  safety  valves  discharge  either  to 
atmosphere  or  to  a drain  header. 

All  supports  within  the  coldbox  and  all  ladders  and  platforms  required  for  the 
operation  of  the  unit. 

Coldbox  piping  is  aluminum  or  stainless  steel,  with  the  exception  of  the  derim- 
ing inlet-header  and  casing  purge  piping,  which  are  made  of  carbon  steel. 

The  coldbox  carbon  steel  casing  is  designed  in  conformance  with  AISC  specifica- 
tions . 


All  structural  members  within  the  coldbox  are  suitable  grade  aluminum  or  steel 
for  the  individual  application. 

The  coldboxes  are  supplied  with  support  legs. 

The  coldboxes  are  supplied  with  a nitrogen  purge  system  which  will  maintain  a 
positive  pressure  inside  the  column  box. 

The  external  carbon  steel  surface  is  painted  on  completion  of  the  plant 
construction  phase.  It  is  supplied  with  a zinc  rich  primer. 
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(Refer  to  Drawinga  l-LO-1577-2  and  l-LO-1577-7  for  more  detaila). 
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The  coldboxea  are  partially  field  aaaembled.  (A  croaa  aection  of  13*6"  ia 
generally  the  limit  for  tranaport  by  either  truck  or  rail.) 


2.2. 1.2.2  Liquid  Oxygen  Pumpa  (2  required) 
(See  Draidng  1-FS-81S) 


Tw>  liquid  oxygen  pumpa  (PI  and  P2)  are  provided  for  recirculation  of  liquid 
oxygen  through  aecond  atage  hydrocarbon  adaorber  to  reboiler /condenaera.  P2 
ia  an  inatalled  apare. 


2. 2. 1.2. 3 Expanaion  Turbinea  with  AC  Generatora  (2  required) 
{See  l-FS-815) 


The  expanaion  turbines  (ET  1 and  ET  2)  provide  the  refrigeration  required  by 
the  plant.  One  turbine  aervea  aa  an  inatalled  apare  and  to  provide  additional 
refrigeration  during  start-up  and  maximum  liquid  production.  The  turbines  are 
coupled  through  a gear  reducer  to  an  induction  motor/generator  for  power 
recovery  and  speed  control.  Although  the  expanaion  turbine  power  ia  very  small 
( O.lX  of  total  potser  plant  output)  the  generated  power  can  be  transferred  to 
the  grid  or  used  for  auxiliary  purposes. 

Included  with  the  turbine  is  local  instrument  panel,  adjustable  inlet  guide 
vanes,  emergency  shut-off  valves,  overspeed  protection,  complete  lubrication 
system. 
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2.2«1>2.4  Liquid  Diipotal  Ejector  (1  rtquir«d) 


A Liquid  disposal  ajactor  is  supplied  for  tha  removing  liquids  from  Che  cold 
box  after  shut-down  of  the  plant.  The  liquids  are  evaporated  by  Facility 
supplied  low  pressure  steam. 


2. 2. 1.2.5  Exhaust  Silencer  (1  required) 


An  exhaust  silencer  (SL  on  l-FS-815)  is  provided  for  the  waste  nitrogen  stream 
to  maintain  a "tisie  weighted  ave*'  ge"  noise  level  in  the  vicinity  of  the 
coldboxes  less  Chan  85  decibels  over  an  eight  hour  period. 


2. 2. 1.2. 6  Regeneration  Heater  (1  required) 


A steam  heater  is  supplied  to  heat  the  nitrogen  gas  used  for  regenerating  the 
hydrocarbon  adsorbers. 


2. 2. 1.2. 7  Derime  Heater  (1  required) 


One  heater  is  supplied  and  powered  from  Che  Facility  Auxiliary  Steam  System  to 
heat  derime  air  from  the  aftercooler  (E2). 


2.2. 1.3  Oxidant  Mixing  Chamber 

^see  Drawings  I-FS-8I0,  l-LO-1577-4  and  l-LO-1577-8) 


The  mixing  chamber  is  a rectangular  cross-section  box  having  round  ducts  at 
opposite  ends  of  the  box  to  introduce  ambient  air  and  exhaust  the  30  X oxidant 
product.  The  70  X oxygen  from  the  ASU  enters  the  mixing  chamber  in  a duct 
which  connects  to  an  enclosed  manifold  at  the  top  of  the  chamber.  From  this 
manifold  are  suspended  three  pipes,  each  having  a number  of  holes  about  their 
perimeter  and  along  their  lengths.  Holes  are  placed  to  promote  turbulent 
mixing.  Additional  baffles  inside  Che  O2  injection  pipes  also  increase 
turbulent  mixing. 

The  mixing  chaad>er  is  constructed  of  sheet  metal  (with  reinforcement  to  with- 
stand slight  variations  in  pressure)  and  has  transition  sections  between  the 
rectangular  and  round  sections.  It  is  airtight,  with  access  through  doors. 
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2. 2. 1.3.1  Mixint  Chanber  Air  rilfr  (1  fquir«d) 
(Scc  Drawing*  1-F8-816  and  I-LO-1577-4) 


Thit  xyscen  incorporaics  dual  ataga  filtration  with  a raaulting  praatura  drop 
of  0.2  psi.  Tha  first  ataga  ia  daaigned  for  autoaatie  aurfaca  ranaual,  tha 
aacond  stage  is  of  aani-rigid  raplaceabla  design. 

The  air  filter  removes  99.5  X of  all  particles  10  microns  or  larger,  97  X of 
all  particles  2 microns  or  larger  and  95  X of  all  particles  1 micron  or 
larger. 

The  filter  housing  is  equipped  with  ladders  and  platforms  for  routine  suin- 
tenance,  doors  to  allow  replacesMnt  and  servicing  of  filter  elesMnts  and  surge 
doors  to  relieve  back  pressure  during  compressor  surging. 


2. 2. 1.3. 2  Mixing  Chamber  Silencer  (1  required) 
(Dra*dngs  l-PS-816  and  l-LO-1577-4) 


The  silencer  is  designed  to  maintain  noise  levels  in  the  vicinity  of  the  mix- 
ing chamber  air  inlet  to  a "time  weighed  average"  not  to  exceed  85  decibels 
over  an  eight  hour  period.  Pressure  drop  through  the  silencer  is  approxi- 
mately 0.2  psi. 


2. 2. 1.3. 3  Air  Flow  Metering  Line 


As  shoMi  on  Drawing  l-LO-1577-4,  the  pipe  from  the  silencer  to  the  mixing 
chamber  is  nominally  45  ft  long  so  as  to  provide  accurate  flow  measurement. 

A venturi  is  located  in  this  pipe  for  use  with  the  automatic  flow  controller 
shown  schematically  on  Drawing  l-FS-816. 


2.2. 1.4  Oxidant  Compression  System 

(Drawings  l-FS-818  to  l-FS-820,  l-LO-1577-1,  l-LO-1577-5 
and  l-LO-1577-6) 


The  oxidant  compression  system  consists  of  three  equipment  trails  with  identi- 
cal compressors;  two  are  steam  turbine  driven,  and  one  is  electric  motor 
driven.  Each  compressor  is  rated  to  pass  50  X of  total  oxidant  flow.  Control 
and  protection  of  the  Oxidant  Compression  System  is  from  the  Facility  Control/ 
Protection  System.  Each  compressor  train  is  surrounded  by  protective  walls  as 
described  in  Section  1.3. 1.4. 
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2.2.1.4«1  Oxidant  Coapr»i$ort  (#1,  #2.  and  #3)  (3  r«quir«d) 

(Drawings  l-LO-1577-1,  l-LO-1577-5  and  l-LO-1577-6) 

As  discussad  in  Appandix  B,  a GHH  comprassor  smdal  AGR  7/14  was  salactad  for 
use  in  all  three  units. 

The  oxidant  c<Mspressors  are  designed  as  single  horisontally  split  axial 
machines  with  a radial  final  stage  for  stabliaation  and  reliability.  The 
compressor  housings  have  been  Mde  of  a higher  grade  steel  rather  than  cast 
iron  used  for  the  construction  in  an  equivalent  air  compressor.  This  allows 
safe  compression  of  a stream  of  up  to  40  volume  percent  oxygen. 

The  assembled  rotor  is  dynamically  balanced  and  overspeed  tested.  Variable 
stators  allow  constant  outlet  pressure  at  various  flows.  The  design  speed  of 
each  compressor  is  between  the  first  and  second  critical  spaed,  conforming  to 
API  617. 

A pressurised  lubrication  system  supplies  the  three  oxidant  compressors.  A 
by-pass  cooler  (see  Dramngs  l-FS-818  and  819)  for  each  compressor  is  provided. 
T^ese  exchangers  cool  gas  that  is  recirculated  back  to  the  suction  side  of  the 
compressors. 

Oxidant  compressor  bearing  seals  are  designed  with  a nitrogen  buffer  gas  system 
CO  prevent  lubricating  oil  vapors  from  entering  Che  main  flow  path  of  the  com- 
pressors . 


2. 2. 1.4. 2 Steam  Turbine  Drives  (2  required) 

(Drawing  l-FS-820) 

The  drives  for  Oxidant  Compressor  #2  and  #3  are  condensing  steam  turbines. 

A surface  condenser  rated  for  100  1 condensing  capacity  td.th  zero  extraction  at 
design  speed  and  maximum  oxidant  flow  conditions  is  provided.  The  condensate 
and  non-condensibles  are  returned  to  the  Facility  Condensate  System. 

Each  turbine  drive  is  supplied  from  the  common  oil  supply  unit  of  Che  compres- 
sor • 

The  following  are  included  for  each  of  the  turbines:  hydraulically  operated 

stop  valve,  strainer  in  stop  valve,  isulci-valve  autosutic  steam  control  valve 
gear,  electro-hydraulic  speed  control  governor,  shaft  packing  steam  seal 
system,  sentinel  warning  valve  on  turbine  casing. 


2 . 2 . 1 . 4 . 3 Electric  ..otor  Drive  (1  required) 


The  driver  for  Oxidant  Compressor  #1  is  a brushless  synchronous  motor  trich 
full  voltage  starting.  The  power  system  is  resistance  grounded,  limiting 
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fault  current  to  400  amperes.  The  motor  will  be  water-cooled  with  sleeve 
bearings  insulated  from  the  fraaw. 


2. 2. 1.4.4  Protective  Walla 


Each  compressor  train  is  isolated  by  a protective  well  in  accordance  with  the 
safety  recomnerdations  of  the  EWP  Code  of  Practice  for  Turbo  Compressors  for 
Oxygen  Service,  (see  section  1.3. 1.4).  Sound  attenuation  to  a "time  weighted 
average"  not  to  exceed  85  decibels,  is  combined  with  the  protective  walls. 
Visual  inspection  is  provided  through  inspection  ports  in  the  wall. 


2. 2. 1.5  Storage  System 

(see  Drawings  l-FS-820,  l-FS-817,  l-LO-1577-2,  l-LO-1577-3, 
and  l-LO-1577-7) 


2. 2. 1.5.1  Liquid  Oxygen  (LOX)  Storage  and  Vaporisation 


Liquid  oxygen  (LOX)  is  pumped  (using  internal  ASU  pumping)  and  stored  at  the 
same  pressure  (13.5  psia)  normally  used  for  delivery  of  the  gaseous  oxygen 
from  the  ASU.  However,  should  the  pressure  of  the  product  oxygen  from  the 
cold  box  drop,  the  liquid  will  automatically  be  fed  to  its  steam  vaporiser  and 
from  there  to  the  oxidant  mixing  chamber. 

The  storage  tank  capacity  of  50,000  gallons  is  more  than  adequate  to  permit 
operation  for  approximately  four  hours.  The  tanks  are  vacuum  insulated  for  a 
low  boil-off  rate  (0.3  X of  the  full  tank  or  less).  They  are  shop-fabricated 
ano  can  be  shipped  to  site  without  modification.  The  vaporizers  are  steam- 
heated  from  the  Facility  steam  system. 


2. 2. 1.5. 2 Liquid  Nitrogen  (LIN)  Storage  and  Vaporization 


A 3000  gallon  storage  tank  for  liquid  nitrogen  (LIN)  is  provided.  It  is 
vacuum-insulated,  resulting  in  a very  low  boil-off  rate.  It  can  be  filled 
either  by  truck  or  from  the  ASU. 

The  liquid  nitrogen  contains  a maximum  of  100  ppm  oxygen.  It  is  piped  to  the 
superconducting  magnet  system  for  precooling  helium  refrigeration/liquefaction 
cycle  and  to  the  column  coldbox  for  pre-cooling  the  ASU  during  ASU  startup. 
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The  pressure  of  the  liquid  nitrogen  produced  in  the  pressure  coluom  is  adequate 
for  supplying  both  the  magnet  system  and  ASU  startup  requirements.  A vaporizer 
(using  Facility  steam)  is  provided  to  vaporize  the  LIN.  This  gas  is  produced 
at  the  same  47.9  psia  (3.3.  atm)  as  the  pressurized  nitrogen  gas  produced  in 
the  ASU.  As  show  on  Drawing  l-FS-820,  this  line  is  connected  to  the  line  from 
the  ASU  that  supplies  pressurized  nitrogen  to  the  Facility  compressor  and  blan- 
keting systems. 


2.2.2  Piping  and  Valves 


This  system  includes  piping  material,  pipe  supports  and  valves  for  process 
air,  liquid  oxygen,  liquid  nitrogen,  deriming  air,  instrument  air,  makeup 
water,  cooling  water  and  interconnecting  of  all  equipment  that  is  supplied. 

Flexible  connections  are  provided  as  applicable  to  the  compressor,  expander 
and  product  line. 

Insulation  is  supplied  for  the  deriming  systems.  Insulated  lines  have  a 
moisture  barrier  and  aluminum  jacketing.  Cathodic  protection  is  provided 
where  required.  Underground  piping  is  coated  with  bitumen  and  wrapped. 


2.2.3  Electrical 

2. 2. 3.1  General 


The  Facility  supplies  a complete  high  voltage  (13.8  kV)  and  low  voltage 
(480/277  V and  120/208  V)  distribution  system. 

All  electrical  work  is  in  accordance  with  the  NEC  and  all  other  applicable 
codes. 

Metal  enclosed  starters  of  the  draw-out  type  are  provided  and  installed  by 
Facility  with  control  principally  by  control  stations  or  panels  adjacent  to 
the  equipment  being  controlled. 

13.8  kV  and  480  V feeder  lines  for  the  ASU  equipment  are  provided  and  connected 
to  sources  in  the  electric  room  which  have  been  furnished  and  installed  by  the 
Facility. 

A main  control  panel  is  furnished,  installed  and  connected  in  the  Facility 
control  room. 

Control  and  lighting  feeders  (480  V AC  and  120  V AC)  to  the  ASU  equipment  from 
panels  and  sources  furnished  and  installed  by  the  Facility  in  the  control  and 
electric  rooms  are  provided. 
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2. 2. 3. 2 Bl«ctrical  Syfm  D«»ign 


Powar  Servlet 


13.8  kV,  3 phtst,  60  Ht  tourct  complete  tath  dieconnecting  meane  and  protec- 
tive relaying  in  the  motor  atarter  ia  provided  by  the  Facility.  Feedera  from 
the  atarter  are  provided  and  inatalled. 

480  volt,  3 ^aae,  60  Ha  aourcea  complete  with  dieconnecting  meana  and  protec- 
tive devicea  in  the  480  volt  motor  control  centcra  ia  provided  by  the  Facility. 
Feedera  to  the  480  volt  equipment  ia  provided. 


High  Voltage  Electrical  Diatribtuion  Syatem 

Metal-clad  awitchgear  ia  provided  for  the  13.8  kV  compreaaor  BK>tor> of  Oxidant 
Compreaaor  #1. 

Thia  switchgear  ahall  be  provided  and  inatalled  by  the  Facility  in  an 
electrical  diatribution  room. 

Protective  relaying  is  specified  by  Lotepro  for  purchase  and  installation  by 
the  Facility. 

Power  distribution  is  by  13  kV  shielded  copper  cable  with  filled  cross-linked 
polyethylene  insulation. 

All  power  cable  runs  are  in  rigid  steel  conduit. 

All  potmr  cable  conduit  are  underground  wherever  poseible. 

Stress  cones  are  used  at  13  kV  cable  terminations. 


Secondary  (480  V/277  V)  Electrical  Distribution  System 

Feeders  are  provided  and  installed  from  the  480  volt  motor  control  centers 
provided  and  installed  by  the  Facility  to  all  480  volt  equipment  in  the 
Oxidant  Supply  System. 

The  equipment  is  specified  for  purchase  and  installation  by  the  Facility. 

Power  distribution  is  installed  in  rigid  galvanised  steel  conduit. 

480/277  volt  lighting  and  power  distribution  is  from  panels  provided  and 
installed  by  the  Facility  in  the  electrical  room. 
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Grounding 

A complete  ground  grid  system  is  installed  by  the  Facility  using  insulated 
copper  cable  to  provide  a reliable  equipotential  system. 

Provisions  for  connection  of  this  grid  to  the  main  facility  grid  have  been 
made. 

All  underground  splices  and  connections  are  of  the  exothermic  (cad%«ld)  type 
and  shall  be  water  proofed  by  taping. 

All  exposed  connections  to  equipment  are  double  bolted  for  security. 

A minimum  of  twenty-one  (21)  3/4"  diameter  10*  long  copper-weld  rods  are 
driven  and  connected  to  the  ground  grid  to  maintain  the  grid  and  equipment 
at  ground  potential. 

All  power  circuits  have  a ground  conductor  installed  with  the  power  conductors 
to  allow  proper  operation  of  ground  relaying. 


2.2.4  Instruments.  Controls,  and  Alarms 


2.2.4. 1 Instrumentation 

^ Refer  to  P&I  Drawings  l-FS-813  to  l-FS-820) 


Electronic  instrumentation  is  used  throughout,  except  for  pneuaiatic  valve 
operators,  and  local  pneumatic  instrumentation  at  the  compressors. 

Flowrates  are  measured  across  orifices,  except  for  large-flo«rrate 
low-pressure  compressor  inlets  where  venturis  are  used. 

In  addition  to  the  instrumentation  provided,  all  electronic  signals  are  made 
available  to  and  will  be  handled  by  the  Facility's  Data  Handling  System. 

All  instrumentation  wiring  is  connected  to  terminal  boards  at  the  appropriate 
panels  of  the  instrument  room  and/or  the  Facility  Main  Control  Room. 

Listed  below  are  the  major  instrumentation  components  for  the  sub-systems  of 
the  Oxidant  Supply  System. 
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2.2.4. 1.1.  Air  Seperetion  Unit  Inetru»ente tion 


Instrumentetion  for  Che  ASU  includei  buc  it  not  limited  to  Che  following: 
Local  panels  for  Che  expansion  Curbines. 

AuComaCic  CemperaCure  control  equipment  for  reversing  exchanger 
groups. 

Flow  recording  ins CrumenCa Cion  for  process  air,  gaseous  and  liquid 
oxygen,  gaseous  and  liquid  nitrogen  products  (two  pen  recording  is 
specified)  and  gaseous  oxidant. 

Pressure  gauges  (without  transmitters)  for  indication  of  imi)ortanc 
pressures.  Transmitters  are  provided  for  all  remote  oxygen  and 
oxidant  pressures  and  all  pressures  above  high  pressure  column 
pressure. 

Pressure  differential  transmitters  and  pneumatic  pressure  gauges  for 
indication  of  differencial  pressure  of  the  colusms  and  of  Che  liquid 
levels  of  the  pressure  column,  reboiler /condenser  and  auxiliary 
condenser.  Resistance  thermometers  and  multiple  point  indicator  for 
all  important  temperatures. 


Automatic  analysis  control  equipment  for  oxygen  and  nitrogen 
products,  oxidant  O2  content,  reboiler  hydrocarbon  content,  CO2 
concent  and  oxygen  in  wsste  gas.  A product  totaliser  is  provided. 

Automatic  control  equipment  for  the  air  and  oxidant  compressors. 

Plant  emergency  Crip  system. 

2.2.4. i. 2 Air  Compression  System 

Instrumentation  for  Che  air  compression  system  includes  but  is  not 
limited  to  the  following: 

Local  panels. 

Surge  control — temperature  and  pressure  compensated. 

Vibration  monitors. 

Mass  flow  control. 
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Shaft  poeicion  indicetore. 

Required  gaugee,  thermometera,  alarma  and  iadicatora. 

Alarm  and  ahutdown  ayatem  with  permiaaive  atart. 

2. 2. 4. 1.3  Oxidant  Compreaaion  Syatema 

Inatrumentation  for  the  oxidant  compreaaion  ayatem  includes  but  ia  not  limited 
to  the  fol loving: 

Anti-aui'ge  and  capacity  control,  temperature  and  preaaure  compenaated. 
Vibration  monitora. 

Shaft  poaition  indicator. 

Required  gauges  and  thermometers. 

Local  panel  with  alarm  and  shutdown  systems,  permissive  start. 

In  addition,  the  reconmendations  of  the  European  Working  Panel  on  Oxygen 
Compression  have  been  taken  into  account. 


2. 2. 4. 2 Controls 

(l-FS-816  through  l-FS-820) 


Control  systems  are  of  fail-safe  design. 

The  Mixing  Chamber  air  and  ASU  product  flows  are  regulated  automatically  (see 
Drawing  l-FS-816)  as  a function  of  the  desired  oxygen  content  in  the  product 
stream.  Control  of  the  Mixing  Chamber  flow  (see  Drawing  l-FS-816),  of  the  LOX 
Storage  System  (Drawing  l-FS-817)  and  of  the  Oxidant  Compressor  System  (see 
Drawings  l-FS-818  to  l-FS-820)  are  from  the  Facility  Main  Control  Room,  Main 
Control  Panel.  Control  of  the  ASU,  ASU  Compressor  and  the  LIN  Storage  System 
is  from  an  auxiliary  panel  located  in  the  Facility  Control  Room. 

The  liquid  oxygen  storage  system  shall  be  designed  for  automatic  operation 
upon  shutdown  of  the  air  separation  unit. 

Control  power  is  obtained  from  panels  provided  and  installed  by  the  Facility 
in  the  electrical  room. 

All  control  cable  is  of  600  V rated  multi-conductor  copper  with  #14  as  a 
minimum  site  for  120  V circuits.  Cable  for  electronic  or  sensitive 
instrumentation  use  is  a minimum  18  gauge  and  of  shielded  construction. 
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All  cable  la  initallad  in  conduita  aeparate  froai  120  V and  power  circuita. 

All  control  wiring  ia  connected  to  teminal  boarda  at  the  appropriate  control 
panel  in  the  Facility  control  roon  for  acceaa  or  aervice. 


2.2«4.3  Alanaa 


Approxinately  40  alarma,  optical  and  acouatical,  to  aignal  potentially  diaad- 
vantageoua  conditiona  are  inatalled  on  the  main  control  panel.  An  adequate 
number  of  sample  points  are  brought  outside  the  coldbox. 

Alarms,  optical  and  acoustical,  to  signal  dangerous  machinery  conditions  are 
provided.  All  compressor  and  expansion  turbine  alarms  and  shutdowns  are 
annunciated,  indicating  at  the  control  panels  and  locally  to  indicate  the 
specific  function  uhich  failed. 

When  the  ASU  cold  box  product  flow  ceases  or  decreases,  an  alarm  sounds  in  the 
Facility  Main  Control  Room  to  alert  the  operator.  In  response  to  this  slam, 
the  LOX  storage  system  transfers  stored  liquid  product  (70Z  O2  by  volume) 
through  the  Evaporator /Heater  to  the  Mixing  Chamber. 


3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 


3.1  PROTECTIVE  DEVICES 

(Drawings  l-FS-813  to  l-FS-820) 

The  major  equipment  instrumentation  for  detecting  dangerous  conditions  and 
protective  devices  have  been  described  and/or  included  in  Section  2.0,  Design 
Description.  Th^se  instruments  and  devices  are  given  in  greater  detail  on  the 
Process  and  Instrumentation  Drawings. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protec 'ive  devices  are 
required.  All  major  equipment  have  safety  and  relief  valves,  pressure  burst 
discs,  overspeed  controllers  and  other  devices  appropriate  to  their  function 
and  operation. 


3 . 2 HA2ARDS 

3.2.1  Air  and  Oxidant  (30  Mole  X Oxygen) 


Constituents  of  air:  approx.  21  X oxygen 

approx.  78  X nitrogen 

balance:  rare  gases  and  impurities 
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Boiling  point  of  air:  -317.8<^F  (at  760  Torr) 

CAUTION  vrhen  allowed  to  come  in  contact  with  the  skin,  liquid  air  and 

liquid  oxidant  cause  injuries  very  similar  to  burns. 

ViHien  liquid  air  or  liquid  oxidant  are  left  standing  in  an  open  container  for 
some  length  of  time,  the  oxygen  content  of  the  liquid  will  increase  due  to  the 
evaporation  of  the  more  volatile  nitrogen.  The  liquid  will  consequently 
assume,  more  and  more,  the  properties  of  liquid  oxygen. 


3.2.2  Oxygen 


Boiling  point:  -297.4  op  (at  760  Torr) 

Oxygen  is  a colorless,  odorless,  non-toxic  gas  which  is  required  for  combus- 
tion. The  higher  the  oxygen  concentration,  the  more  intense  and  rapid  the 
combustion.  Even  an  increase  of  4 Z in  the  oxygen  content  of  air  will  result 
in  a substantially  intensified  combustion.  Many  substances,  including  metals, 
which  cannot  be  ignited  in  normal  atmospheric  air,  are  combustible  in  the 
presence  of  higher  oxygen  concentration  or  in  pure  oxygen.  Combustible 
substances  are,  in  the  presence  of  higher  oxygen  concentrations,  highly  prone 
to  self-ignition  and  to  explosion.  These  phenomena  are  intensified  in  the 
presence  of  oxygen  unaer  pressure  or  of  oxygen  in  liquid  form. 

Clothing  impregnated  with  oxygen  can  easily  ignite  (e.g.  by  sparking  from 
electrostatic  charges)  and  will  burn  very  rapidly.  This  danger  exists  not  only 
during  presence  in  an  oxygen-rich  atmosphere  but  also  for  some  considerable 
time  afterwards. 

Oxygen  in  liquid  state  is  an  additional  hazard.  When  allowed  to  come  into 
direct  contact  with  the  skin  it  will,  due  to  its  coldness,  cause  injuries  that 
are  very  similar  to  burns. 


3.2.3.  Nitrogen  (Also  applies  for  Argon  and  Neon) 


Nitrogen  Argon  Neon 

Boiling  points:  -320.4  <>F  -302.6  <>F  -410.8  <>F 

Nitrogen  is  a colorless,  odorless  and  non-toxic  gas.  In  high  concentrations, 
howver,  it  will  cause  suffocation  when  inhaled  due  to  the  lack  of  oxygen. 
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NOTE : Denge r of  Death  by  Nitrogen  Suffocetion 

Breething  of  nitrogen  (or  ergon  or  neon),  or  of  eir  enriched  with 
these,  is  perciculerly  dengerous  since  unconsciousness  occurs  very 
rapidly  without  any  prior  discomfort  to  the  victim. 

At  room  and  low  temperatures,  nitrogen  (also  argon  and  neon)  prevents  processes 
of  combustion.  These  gases  are  sometimes  used  for  inerting. 

As  a result  of  its  coldness,  liquid  nitrogen  also  causes  injury  when  brought 
into  direct  contract  %rith  the  skin. 

Rare  gases  such  as  argon  and  neon  possess  essentially  the  same  characteristics 
and  hasards  as  nitrogen. 

A dry  nitrogen  atmosphere  is  continuously  maintained  in  the  insulation  spaces 
of  the  low-temperature  sections  in  air  separation  plants  so  as  to  exclude 
humidity  and  to  prevent  oxygen  condensing  on  the  cold  parts. 


3 . 3 PRECAUTIONS 


The  following  safety  precautions  imist  be  strictly  observed  in  areas  near  the 
air  separation  units,  in  the  air  and  oxidant  compressor  building  and  in  all 
facilities  in  which  the  product  gases  of  the  Oxidant  Supply  System  are  stored, 
handled  and/or  further  treated. 


3.3.1  Fire  and  Explosion  Dangers 


Smoking  and  all  avoidable  activity  involving  the  use  of  open  flames  are 
prohibited. 

All  work  involving  open  flame,  such  as  welding,  soldering,  grinding,  etc.,  is 
prohibited.  However,  when  any  such  work  is  necessary,  precautions  must  be 
observed  to  avoid  increased  concentrations  of  oxygen  in  the  work  location. 

The  enrichment  of  the  air  with  oxygen  is  to  be  avoided.  However,  if  any  such 
enrichment  has  occurred,  or  may  occur,  the  areas  concerned  must  be  clearly 
indicated  and  safety  precautions  correspondingly  intensified.  Care  shall  be 
taken  that  any  such  rooms  or  other  confined  spaces  are  sufficiently  ventilated. 
Prior  to  personnel  entering  oxygen  processing  vessels  and  piping,  such  equip- 
ment must  be  very  carefully  purged  with  dry  and  oil-free  air.  It  should  be 
proved,  by  means  of  control  analyses,  that  there  are  no  increased  concentra- 
tions of  oxygen. 
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At  an  altarnative  to  air,  dry  and  oil-fraa  nitrogan  nay  ba  uiad  for  purging, 
provided  the  increased  N2  concentration!  are  removed  before  entering  such 
spaces  thus  scavenged  (see  the  Note  in  3.3.2  "Danger  of  Death  by  Nitrogen 
Suffocation") . 

Personnel  should  avoid  remaining  in  areas  where  there  are  increased 
concentrations  of  oxygen. 

Work  as  described  above  shall  be  performed  under  the  supervision  of  an 
authorised  supervisor. 

Special  attention  shall  be  given  to  possible  sources  of  accidental  ignition. 
Electrostatic  charges  shall  largely  be  eliminated  by  the  selection  and  use  of 
clothing  and  shoes  made  of  suitable  materials.  In  order  to  prevent  uninten- 
tional sparking,  shoes  studded  with  iron  nails  or  having  any  other  exposed 
iron  or  steel  parts  are  prohibited. 

All  parts  coming  into  contact  with  oxygen  must  be  free  from  inflammable 
materials  of  any  kind  whatsoever.  Particular  care  must  be  taken  that  all 
these  parts  are  absolutely  free  from  oil  and  grease. 

Only  perchloroethylene  may  be  used  for  degreasing  non-aluminum  parts. 

Stabilized  trichloroethane  (methyl  chloroform)  may  be  used  for  degreasing 
aluminum  parts. 

CAUTION  Trichloroethylene  must  not  be  used  for  cleaning  parts  made  of 

aluminum  or  of  aluminum  alloys,  since  these  substances  react 
explosively  tath  each  other. 

Trichloroethylene  vapors  may  form  explodable  mixtures  with  air  at  temperatures 
around  20°C.  Special  attention  must  be  given  to  the  toxic  nature  of  these 
cleansing  agents  (use  of  respirators,  ventilation,  protection  of  skin,  etc.). 

The  personnel  clothing  must  be  free  of  any  oil  or  grease.  Even  fatty  cosmetics 
may  constitute  a source  of  danger. 

The  storage  of  combustible  materials  in  the  plant  area  is  prohibited.  An 
exception  to  this  rule  is  storage  of  those  lubricants  and  raw  materials  that 
are  necessary  for  the  operation  of  the  plant. 

Persons  who  have  remained  in  an  atmosphere  rich  in  oxygen  can  be  sure  that 
their  clothes  have  been  impregnated  with  oxygen.  Their  clothes  must,  without 
delay,  be  aired  very  thoroughly. 

Shutoff  devices  for  oxygen  shall  be  opened  and  closed  slowly  but  smoothly.  In 
the  instance  of  oxygen  under  pressure,  the  application  of  this  rule  is  abso- 
lutely imperative. 
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The  concencraclon  of  acetylene  in  the  liquid  oxygen  in  the  main  condenaer  (Kl) 
muft  be  determined  at  least  once  a day  and  the  results  of  these  tests  recorded 
in  writing  for  purposes  of  determining  when  the  plant  must  be  shut  down,  the 
liquids  drained,  and  the  low  temperature  section  derimed.  (Refer  to  Section 
2. 1.6.7  "Removal  of  Hasardous  Impurities".} 

Too  high  an  acetylene  content  in  the  liquid  oxygen  may  cause  an  explosion.  If 
the  permissible  values  are  exceeded,  the  following  precautions  must  be  taken 
to  ensure  that  acceptable  values  are  obtained: 

1.  Detect  and/or  eliminate  the  cause  for  the  rise  in  acetylene  content. 

2.  Immediate  change-over  or  regeneration  of  the  acetylene  adsorbers. 

3.  Increase  liquid  production  and  flush. 

4.  If  further  acetylene  increases  cannot  be  prevented  and  when  the  acetylene 
content  in  the  liquid  oxygen  reaches  1 ppm,  the  plant  must  be  shut  down, 
the  liquids  drained  and  the  low  temperature  section  derimed. 


3.3.2  Danger  of  Death  by  Nitrogen  Suffocation 


The  mixing  of  the  air  with  nitrogen,  or  gases  of  similar  characteristics,  must 
be  avoided.  However,  if  any  such  mixture  has  occurred,  or  may  occur,  the  areas 
concerned  must  be  clearly  designated  and  the  personnel  will  be  required  to 
observe  stricter  safety  precautions.  Personnel  are  prohibited  to  enter  such 
areas  without  respirators. 

Care  must  be  taken  chat  all  such  areas  are  sufficiently  ventilated. 

It  is  prohibited  to  remain  or  to  work  in  areas  in  which  there  are  increased 
concentrations  of  nitrogen  or  in  areas  in  which  increased  concentrations  of 
chat  gas  may  occur. 

If  and  when  it  is  necessary  to  carry  out  work  in  such  areas  it  must  be  ensured, 
before  starting,  that  there  are  not  increased  concentrations  of  nitrogen,  nor 
Che  possibility  of  such  increases  occurring. 

Before  entering  any  confined  spaces  which  contain,  or  are  presumed  to  contain, 
nitrogen,  it  must  be  ensured,  by  means  of  control  analyses,  Chat  there  is  no 
danger  from  increased  concentrations  of  nitrogen. 

Any  such  work  may  only  be  carried  out  under  the  supervision  of  an  authorized 
supervisor. 
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3.3.3  D«ng«r  Du«  to  Effect!  of  Coldn«gs 


Vfhen  handling  low-boiling  camperacure  liquefied  gaaea,  peraonnel  nuac  wear  the 
requisite  protective  clothing  (gloves,  safety  goggles,  tightly  woven  clothes), 
and  avoid  trouser  legs  tucked  into  boots  as  protection  against  contact  with  the 
liquid. 

An  enrichment  of  air  results  from  the  evaporation  of  the  liquid.  In  this 
connection,  see  also  Sections  3.3.1  (Fire  and  Explosions  Dangers)  and  3.3.2 
(Danger  of  Death  by  Nitrogen  Suffocation). 

Before  entering  the  low-temperature  part  of  the  air  separation  unit  (ASU)  that 
section  must  be  heated.  Concentrations  of  oxygen  or  of  nitrogen  must  be  deter- 
mined to  be  a safe  level  for  personnel  inhalation. 


3.3.4  Design  of  Buildings 


Buildings  and  structures  in  the  Oxidant  Supply  System  must  be  provided  with  an 
adequate  system  of  ventilation.  Depending  on  requirements,  fans  or  blowers  are 
also  necessary.  The  ventilation  of  cellars,  pits,  and  channels  is  mandatory  to 
avoid  the  danger  of  intensified  concentrations  of  escaping  gases  in  such  loca- 
tions. 

In  locations  where  liquid  oxygen  could  escape,  the  floor  must  not  be  covered 
%n.th  any  flammable  material  (e.g.  asphalt).  It  must  be  free  of  joints  and 
faults . 

Sewers  in  the  areas  of  Oxidant  Supply  System  and  its  annexes  must  be  provided 
with  liquid  seals. 

Sufficient  emergency  exits  from  structures  must  be  provided  and  clearly 
marked. 


3.3.5  Fire  Fighting  Equipment 


Suitable  equipment  is  provided  in  sufficient  numbers  for  the  purpose  of 
extinguishing  clothing  fires. 

Water  baths  and  showers,  which  can  be  operated  by  a single  handle,  are 
required. 

Water  nydrants  are  provided  throughout  the  plant  in  sufficient  quantity  and  in 
accessible  locations.  Nossles  and  sufficient  lengths  of  hose  are  kept  ready 
for  imsediate  use.  In  addition,  portable  fire  extinguishers  are  provided 
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throughout  the  plant  in  aufficient  numbers  and  at  locations  that  are  easily 
accessible. 

The  following  types  of  fire  extinguishers  are  required: 

carbon  dioxide  fire  extinguishers , for  use  in  connection 
with  electrical  equipment. 

powder-type  fire  extinguishers,  for  use  in  connection  «d.th 
all  other  type  of  equiiMsent. 

All  safety  equipment  is  maintained  in  perfect  working  order.  Alarm  systems  are 
checked  at  regular  intervals. 

Warning  signs  are  displayed  throughout  the  Oxidant  Supply  System  clearly  and 
distinctly  drawing  attention  to  the  fact  that  Smoking  and  Open  Flames  are 
prohibited  within  the  limits  of  the  Oxidant  Supply  System  and  in  all  confined 
spaces  in  which  higher  concentrations  of  oxygen  may  occur. 


3.3.6  Safety  Devices  Against  Excess  Pressure 


All  vessels  and  pipes  working  under  pressure,  as  well  as  vessels  and  pipes  in 
which  a build-up  of  pressure  can  occur,  are  equipped  with  safety  devices  and 
these  shall  always  be  kept  in  perfect  working  order.  The  bloir^off  pressure  of 
the  safety  valves  is  periodically  checked  and  readjusted,  if  necessary. 

The  alarm  systems  are  checked  periodically. 


3.3.7  Cleansing  of  the  Insulation 


The  insulated  space  of  the  low  temperature  section  of  the  ASU  is  kept  under 
pressure.  The  medium  used  for  this  purpose  is  dry  nitrogen.  The  maintenance 
of  such  an  overpressure  must  be  controlled  and  dry  nitrogen  must  be  added,  if 
necessary. 

Through  overpressuritation , air  humidity  is  prevented  from  penetrating  the 
coldbox,  possible  oxygen  concentrations  in  the  coldbox  are  kept  low,  and 
cleansing  of  the  insulation  is  rendered  possible. 

During  any  shutdown  of  the  plant,  purging  of  the  insulation  is  not  necessary, 
but  recommended.  During  shutdown  for  maintenance  inside  the  coldboxea,  the 
boxes  Biust  be  continuously  purged  and  oxygen  content  monitored  for  sufficient 
breathing  oxygen. 
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4.0  MODES  OF  OPERATION 


Th*  startup  and  oparating  procedures  given  in  this  section  sr<  or  illustra- 
tive purposes  only.  Hence,  they  are  cursory  end  lacking  in  detail.  Since  the 
Oxidant  Supply  System  is  a system  in  v/hich  it  is  possible  to  have  flame 
enhancing  substances  (oxygen)  and  trapped  combustible  gases  (hydrocarbons  and 
oxygen)  that  could  result  in  disastrous  explosions,  procedures  must  be  care- 
fully analyzed  at  the  design  stage  to  a level  of  detail  far  beyond  the  scope 
of  this  document. 

A. I STARTUP 

The  electric  motor  driven  oxidant  compressor  #1  is  used  for  ASU  startup 
because  electric  power  is  available  from  the  grid  prior  to  the  availability  of 
steam  from  the  HR/SR  of  the  ETF.  Since  the  ASU  compressor,  which  is  shut  down 
during  ASU  startup,  is  not  available  for  deriming  and  initial  cooldown  of  the 
ASU,  air  flow  is  diverted  (see  Drawing  l-FS-820)  from  the  outlet  of  this  oxi- 
dant compressor  through  a by-pass  line  to  the  inlet  of  the  sftercooler  (E2). 
Sufficient  cooling  capacity  exists  in  the  aftercooler  to  reduce  the  air 
temperature  to  near  ambient  temperature  as  required  by  the  ASU  to  complete 
deriming  and  cooldown. 

After  ASU  cooldown,  oxidant  compressor  #1  is  valved  off  from  the  ASU.  The  ASU 
is  valved  off  at  "cold  soak"  condition  and  the  oxidant  conoressor  drawa  air 
into  the  mixing  chamber  through  the  ordinary  flow  path  leading  through  the 
HR/SR  to  the  combustor.  The  powerplant  is  started  using  this  electric  driven 
oxidant  compressor  #1.  As  steam  becomes  available,  the  ASU  and  one  of  the 
oxidant  steam  compressors  are  brought  on  line.  Finally,  the  second  steam 
driven  oxidant  compressor  is  brought  on  line  and  the  electric  one  cesses 
operation.  However,  the  electric  driven  oxidant  compressor  #1  remains  as  a 
standby  unit. 

Startup  is  described  hereafter.  The  LIN  storage  tank  is  full  at  startup. 

Valve  "line-up"  is  complete. 

Refer  to  Dra%dng  l-FS-820.  Note  that  shut-off  valves,  not  explicitly  shown, 
exist  in  all  of  the  lines.  The  following  shall  be  performed  sequentially: 

a.  Valve  off  ASU  70  X oxygen  product  line  co  Mixing  Chamber. 

b.  Open  ASU  70  X oxygen  product  line  to  atmosphere. 

c.  Valve  off  Steam  Driven  Oxidant  Compressors  #2  and  #3. 

d.  Open  Air  Inlet  velves  to  the  Mixing  Chamber. 

e.  Open  valve  between  Mixing  Chamber  and  Electric  Motor  Driven  Oxidant 
Compressor. 
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£.  Valve  off  ASU  compressor  (Cl)  from  sftercooler  (B2). 

g.  Open  by-ps88  line  connecting  Electric  Driven  Oxidant  Compressor  vith 
Aftercooler  (E2). 

h.  Purge  the  entire  flow  path  from  Mixing  Chamber  inlet  to  ASU  product  outlet 
line  with  discharge  from  oxidant  compressor  #1. 

i.  Start  derime  (moisture  removing)  beater  using  this  oxidant  compressor  air 
flow. 

j.  Start  aftercooler  water  flow. 

k.  Open  derime  outlet  on  coldbox,  open  instrument  valves. 

l.  Start  oxidant  compressor  #1  for  deriming  step. 

m.  After  the  specified  moisture  level  has  bean  obtained,  cease  deriming  by 
shutting  off  derime  heater. 

n.  Complete  the  cooldown  process  of  ASU  (See  Drawing  l-FS-815)  by  completing 
the  following: 

(1)  Set  reversing  exchanger  program  timer  for  the  minimum  time. 

(2)  Prepare  expansion  turbine  for  operation. 

(3)  Continue  to  flow  air  to  ASU  from  the  motor  driven  oxidant 
compressor. 

(4)  Cooldown  the  reversing  chambers  only.  (This  will  be  done  at  a 
controlled  rate  so  as  to  minimi2e  thermal  stresses.)  Do  not  allow 
air  to  enter  the  separation  columns. 

(5)  After  the  reversing  exchangers  are  properly  cooled,  begin  to  cool  the 
separation  apparatus.  Both  expansion  turbines  are  used  for  this 
process.  The  cooldown  period  is  shortened  by  adding  liquid  nitrogen 
from  storage.  This  step  is  carried  out  after  the  separation 
apparatus  reaches  the  appropriate  temperature  level. 

(6)  After  liquid  forms  in  the  main  condenser  and  iiquefier  heat 
exchangers,  the  rectification  process  can  be  established. 

(7)  At  this  time,  only  one  expansion  turbine  is  required.  The  outlet 
temperature  should  be  reduced  to  a temperature  as  cold  as  possible 
without  forming  liquid  in  the  discharge  of  the  turbine. 
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o.  After  opereting  liquid  levels  have  been  esteblished,  the  ASU  must  be 
blocked  off  and  remain  in  a Cold  Condition  for  eight  hours  in  order  to 
allow  time  for  startup  of  powerplant  steam  boilers. 

p.  To  provide  airflow  to  the  Facility  MHO  plant,  close  off  oxidant  compresnor 
by-pass  line  to  aftercooler  (E2). 

q.  Use  oxidant  compressor  #1  to  bring  the  MHO  combustor  on  line  and  to  raise 
steam  in  the  HR/SR. 

r.  Start  steam  driven  oxidant  compressov  #2. 

s.  Start  ASU  intercooler  (El-A)  water. 

t.  Start  ASU  compressor  (Cl)  through  atmospheric  vent. 

u.  Purge  lines  between  ASU  compressor  (Cl)  and  ASU. 

V.  Open  ASU  product  outlet  to  the  atmosphere. 

w.  Connect  ASU  compressor  (Cl)  to  ASU. 

X.  Establish  required  product  purges  in  ASU. 

y.  Bring  second  Steam  Driven  Oxidant  Compressor  on  line  xhile  simultaneously 
taking  Electric  Motor  Driven  one  off  line. 

z.  Open  ASU  product  line  valve  to  the  mixing  chamber. 

aa.  Shut  off  product  flow  vent  to  atmosphere. 

bb.  Refill  LIN  storage  tank,  as  liquid  becomes  available  from  ASU,  until  it  is 
full. 


4.2  NORMAL  OPERATIONS 


Normal  operation  is  considered  to  be  any  operation  between  the  75Z  rated  flow 
and  103.32  raced  flow  operating  points  specified  in  Appendix  C.  When  the  ASU 
reaches  steady  state  for  any  point  of  operation,  very  little  operator  attention 
is  required.  The  mode  of  operation  can  easily  be  changed  from  the  main  control 
room  and/or  compressor  control  panels. 
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4.3  SHUTDOWN 

4.3.1  Planned  Plant  Shutdow 


The  following  steps  should  be  carried  out  quickly  and  in  the  order  given: 

a.  Shut  valve  between  ASU  product  line  and  mixing  chamber. 

b.  Vent  product  lines  to  atmosphere. 

c.  Switch  control  air  system  to  replace  compressor  air. 

d.  Vent  air  line  from  ASU  compressor  (Cl)  to  atmosphere. 

e.  Shut  down  expansion  turbine,  either  ETl  or  ET2. 

f.  Shut  down  ASU  compressor  (Cl). 

g.  Shut  down  ASU  intercooler  (El-A)  and  the  aftercooler  (E2). 

h.  Shut  do%ai  revex  program  timer. 

i.  Close  air  and  product  lines. 

j.  Open  vapor  discharge  lines  to  atmosphere  in  the  low  temperature  section  of 
ASU. 

k.  Shut  down  liquid  pumps  and  close  valves. 

l.  For  long  duration  shutdowns,  discharge  liquids  from  ASU  to  atmosphere. 

m.  Close  all  valves  — with  the  exception  of  those  mentioned  above. 

n.  The  cold  box  may  now  be  warmed  up. 

For  short  duration  shutdowns  of  the  plant,  steps  a to  i are  sufficient. 

NOTE:  Liquids  must  never  be  allowed  to  totally  evaporate  in  the  vessels! 

As  soon  as  a liquid  level  has  decreased  to  20  Z,the  liquid  must  be 
completely  discharged.  This  avoids  possible  contaminant  build-up. 

At  every  shut  down  of  the  plant,  close  the  nitrogen  butterfly  valves 
by  hand  immediately  and  ventilate  the  cold-system.  In  this  way 
pressure  increases  are  avoided  throughout  the  reversing  exchangers. 
Also,  thermal  stress  from  flow  of  cold  nitrogen  can  damage  the  warm 
end  of  the  reversing  exchangers. 
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4.3.2  Sudden  Plent  Shutdown  Due  to  a Disturbance 


Steps  « to  i should  be  carried  out  as  in  Section  4.3.1.  Depending  on  whether 
the  disturbance  can  be  eliminated  quickly  or  not,  steps  j,  etc.,  should  be 
carried  out,  either  singly  or  together. 


4.3.3.  Plant  Start-up  trom  Cold  Standby  Condition 


The  plant  is  in  Cold  Standby  viien  the  columns  and  other  cold  parts  are  at 
operating  temperature.  The  start-up  sequence  shall  be  performed  as  in  Section 
4.1.  The  purging  of  the  cold  part  of  the  ASU  cold  boxes  is  unnecessary. 

The  temperatures  in  the  low-temperature  section  determine  at  which  point  of 
the  cooling  procedure  the  start-up  must  be  begun. 

If  the  liquids  have  not  been  discharged,  assure  that  prior  to  the  start-up  the 
liquid  levels  are  not  too  high.  (Otherwise  trays  of  the  rectification  column 
or  gas  sockets  could  be  flooded.  A start-up  in  such  case  could  entail  mechani- 
cal damages  to  the  trays  of  the  rectification  column  and/or  damages  of  the 
expansion  turbine  rotor.) 


4.3.4  Warm-Up 


Over  a longer  period  deposits  of  ice,  dry  ice,  and  possibly  hydrocarbons  form 
in  the  low-temperature  sections  of  the  ASU.  The  flow  resistances  increase  due 
to  these  deposits.  Thus,  in  general  after  one  year's  operation,  the  low- 
temperature  section  should  be  shut  down  and  warmed  to  remove  these  deposits. 

The  low-temperature  section  may  have  to  be  shut  down  before  this,  should  the 
flow  resistances  in  the  heat  exchangers  and  rectification  columns  increase  so 
'ouch  that  the  design  product  quantities  and  purities  can  no  longer  be  obtained. 

This  could  only  occur  due  to  incorrect  operation  of  the  plant. 

All  parts  of  the  low-temperature  section  can  be  warmed. 

When  a section  is  warmed  all  of  its  measuring  and  analysis  lines  must  also  be 
warmed  and  purged. 

NOTE:  Large  temperature  differences  in  the  components  can  lead  to  damage 

due  to  thermal  stress.  For  this  reason,  all  warming  is  to  be  begun 
with  cold  gas.  The  warming  path  should  be  chosen  so  that  components 
are  warmed  as  evenly  as  possible. 
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The  description  of  the  warming  processes  in  this  section  takes  the 
above-mentioned  criteria  into  consideration.  For  this  reason,  the 
warming  processes  must  be  strictly  adhered  to. 


4.4  SPECIAL  OR  INFREQUENT  OPERATION 

4.4.1  Back-Up  System  Operation 


When  the  supply  of  oxygen  from  the  air  separation  unit  fails,  the  backup  system 
will  go  into  operation  autosMtically  in  order  to  provide  an  uninterrupted  sup- 
ply of  oxygen.  Plant  failures  will  create  a low  pressure  signal  which  allows 
pressurised  stored  liquid  oxygen  to  enter  the  vaporiser.  Oxygen  is  warmed  to 
ambient  in  the  vaporiser  and  enters  the  mixing  chamber.  Operation  can  continue 
for  about  four  hours  in  this  mode. 


4.4.2  Acetylene  Monitoring 


Too  high  of  an  acetylene  content  in  the  impure  liquid  oxygen  product  of  the 
main  condenser  (Kl)  may  cause  an  explosion.  Therefore,  acetylene  content  is 
carefully  monitored,  and,  if  further  acetylene  increases  cannot  be  prevented 
and,  if  the  acetylene  content  in  the  (Kl)  liquid  reaches  1 ppm,  the  plant  must 
be  shut  down,  the  liquids  drained,  and  the  low  temperature  section  derimed. 


5.0  MAINTENANCE 


5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 


Operating  personnel  will  record  direct  indicating  instruments  and  may  calculate 
performance  per  shift.  The  in-house  computer  will  constantly  monitor  specified 
points  to  give  a running  check  on  performance  which  can  be  viewed  as  desired  in 
the  plant  control  room.  The  indicating  measurements  are  useful  as  a check  on 
the  computer  readings. 


5.2  INSERVICE  INSPECTION 


All  the  equipment  listed  previously  shall  be  inspected  while  operating  to 
assure  it  is  physically  in  service,  compressor  and  turbine  shafts  are  turning 
and  pressures  are  indicated,  product  oxygen  and  air  are  moving,  inter/ 
aftercooler  feel  warm  to  the  touch,  and  water  level  gages  show  condensate  in 
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Che  condenser  hotwelle.  Cold  boxes  should  be  nonitored  for  excessive  frost 
buildup.  Indiceting  insCrumenCs  td.ll  monitor  Che  dynamics  of  each  piece  of 
equipment  and  the  fact  that  it  is  operating  properly. 


5.3  PREVENTIVE  MAINTENANCE 


Computerised  record  keeping  will  be  instituted  to  alert  Che  operating  per- 
sonnel when  equipment  needs  overhaul,  repacking,  or  cleaning,  in  accord  with 
the  recommendations  of  Che  equipment  manufacturer.  In  general,  parts  will  be 
replaced  during  planned  shutdown  when  they  are  near  the  end  of  their  recom- 
mended life  cycles. 


5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 


A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
Che  overhaul  or  replacement  of  plant  equipment. 


5.4.2  Spare-Parts  Inventory 


The  manufacturers  of  major  equipment  such  as  the  compressors  will  supply  lists 
of  recommended  spare  parts.  Critical  parts  %dll  be  kept  in  inventory  at  the 
ETF  Facility.  Complex  parts  requiring  long  lead  time  for  delivery  will  be 
included  in  the  plant  inventory. 

For  the  Oxidant  Supply  System,  spare  parts  shall  include: 

1.  Bearings,  seals,  gaskets  and  impellers  for  compressors  and  steam 
turbines . 

2.  Rotating  assemblies,  gaskets,  bearings  and  nozzle  rings  for  expanders. 

3.  Internal  parts  for  automatic  valves. 

4.  Analyzer  cells,  pressure  switches,  and  various  other  instrumentation 
components . 

5.  Heater  elements. 

6.  Relays  and  miscellaneous  equipment  for  the  electrical  switchgear. 
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TABLE  #1 

“EQUIWIENT  DESIGNATION"  LETTERING  USED  THROUGHOUT 
LOTEPRO  DRAWINGS  AND  OXIDANT  SUPPLY  SYSTEM 
DESIGN  DESCRIPTION 


A Adsorber 

C Compressor /Booster 

CT  Cooling  Tower 

D Drum/Separator 

E Heat  Exchanger  or  Liquefier  depending  on  placement 

in  system 

ET  Expansion  Turbine 

F Filter 

G Electrical  Generator 

H Heater 

K Condenser /Reboiler 

M Electric  Motor 

P Pump 

S Sieve 

SL  Silencer 

ST  Storage  Tank 

T Rectification  Column/Tower 

V Vaporizer 
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TABLE  #2 

INSTRUMENT  AND  CONTROL  VALVE  FUNCTIONAL  LETTERING 
DEFINITIONS  USED  THROUGHOUT  LOTEPRO  DRAWINGS  AND 
OXIDANT  SUPPLY  SYSTEM  DESIGN  DESCRIPTION 


Instruments  and  control  valves  have  their  functions  indicated  according  to  the 
following  logic; 


Letter 

Used 


When  placed  in 
first  position 
means 


When  placed  in 
second  position 
means 


When  placed  in 
third  position 
position  means 


When  placed  in 
fourth  position 
means 


A; 

C: 

E: 

F: 

H: 

I 

L 

P 

R 

*S 

T 

V 

Y 
Z 


Analysis  Alarm  Alarm 

Controller  Controller 

Sample  Connection 

Flow  rate 

Hand  (manually 
initiated) 

Indicater  Indicater 

Level  Level 

Pressure 


Speed 

Temperature 

Vibration 


Record 

Switch 

Transmitter 

Valve 

Relay 


Shaft  Position 


Switch 

Transmitter 

Valve 

Relay 


Alarm 

Controller 


Switch 

Transmitter 

Valve 

Relty 


♦NOTE:  Where  the  lettering  "SPIAS"  is  used  (Drawings  l-FS-813,  l-FS-814, 

l-FS-818  and  l-FS-819),  the  definition  is  "Speed  Indicator  Alarm  Switch". 
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TABLE  #2 
(continued) 


A "D"  after  one  of  the  above  apecified  lettera  indicate  a 
"differential"  (for  example  PDS  — differential  preaaure  stfitch). 

An  "H"  or  a "L"  to  the  right  of  an  inatrumentation  oval  indicates 
whether  an  alarm  or  shutdown  switch  will  be  actuated  on  a high  or  low 
condition. 

The  instrumentation  symbols  are  in  accordance  with  Instrumentation 
Society  of  America,  ISA  Standard  S 5.1.  (Refer  to  Drawing  l-FS-822 
for  Job  P&I  diagram  symbols.) 
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TABLE  #3 

COMPOSITIONS  OF  AMBIENT  AIR.  ASU  PRODUCT  AND 
OXIDANT  STREAMS  FOR  THE  MONTANA  REFERENCE  SITE 


Mole  Percent 


Dry  Air  Ambient  Air  70  X C2 


Nitrogen,  N2 

78.084 

77.626 

26.88 

Oxygen,  O2 

20.950 

20.827 

70.00 

Argon , Ar 

0.934 

0.928 

3.12 

Water  Vapor, 
H2O 

0 

0.587 

0 

Carbon  Dioxide 

0.032 

0.032 

0 

100.000 

100.000 

100.000 

Weight 

Percent 

Nitrogen,  N2 

75.519 

75.238 

24.152 

Oxygen,  O2 

23.144 

23.062 

71.850 

Argon , Ar 

1.288 

1.283 

3.998 

Water  Vapor, 

H2O 

0 

0.368 

0 

Carbon  Dioxide 

0.049 

0.049 

0 

100.000 

100.000  100.000 

Molecular  Weight 

Densities  at  60*^F  and 

( Ibm/ft^) 


Nitrogen,  N2 

28.013 

Nitrogen 

Oxygen,  O2 

31.999 

Oxygen 

Argon,  Af 

39.948 

Air 

Water  Vapor,  H2O 

18.016 

Oxidant 

Carbon  Dioxide,  CO2 

44.0101 

(30  Mol  X O2) 

30  X O2 

68.160 

30.000 

1.336 

0.478 

0.026 


100.000 


65.111 

32.737 

1.820 

0.293 

0.039 


100.000 


14.7  PSIA 


.07378 

.08428 

.07630 

.07722 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
OXIDANT  SUPPLY  SYSTEM 
APPENDIX 

REFERENCE  DOCUMENTS 


REFERENCE  DOCUMENTS  - ATTACHED 

APPENDIX  B - SUMMARY  OF  COMPRESSOR  STUDIES  CONDUCTED  BY  LOTEPRO 
CORPORATION  FOR  THE  ETF  CONDITIONS 


APPENDIX  C - DATA  TABLES  GIVING  STATE  POINT  CONDITIONS  FOR  THE 
HARDWARE  OPERATING  AT  RATED  FLOW.  103.31  RATED  FLOW.  75%  RATED  FLOW, 
AND  WITH  THE  ASU  PRODUCING  A MODERATE  FLOW  OF  LOX 


APPENDIX  D - ALTERNATIVE  ASU  COMPRESSOR  WITH  ELECTRIC  MOTOR  DRIVE 


DRAWINGS 

Drawing  Symbols  and  Drawing  List 

Block  Diagram 

Plan,  Compressor  Bldg 

Plan,  Cold  Box  Area 

Plan,  LOX  Storage  Area 

Plan,  Air  Filters,  Aftercooler  and 
and  Oxidant  Nixing  Chamber 

Elevation  "A"-"A" , Turbines  and  Compressors 

Ei.evation  "b"-"B",  Turbines  and  Compressors 


DRAWING  NO. 

l-FS-822,  Rev.  4 

l-FS-820,  Rev.  2 

l-LO-1577-1, 

Rev 

l-LO-1577-2, 

Rev 

l-LO-1577-3, 

Rev 

l-LO-1577-4, 

Rev 

l-LO-1577-5, 

Rev 

l-LO-1577-6, 

Rev 
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APPENDIX  A 
(continued) 


Elevation  "C"-"C",  Cold  Boxes  and  Equipment 

Oxidant  Mixing  Chamber.  Plan,  Elev.  and  Details 

Compressor  Bldg.,  Plan  Utility  Piping 

ASU  (Air  Separation  Unit)  Compressor.  Steam 
Turbine  Drive,  Process  and  Instrumentation 
(P&I)  #1 


l-LO-1577-7,  Rev.  2 
l-LO-1577-8,  Rev.  2 
l-LO-1577-9,  Rev.  2 
l-FS-813,  Rev.  3 


Air  Separation  Unit  (ASU),  P&I  #3 

Mixing  Chamber,  P&I  #4 

Liquid  O2  & N2  Storage  and  Vaporisation 
System,  P&I  #5 

Oxidant  Compressor,  Steam  Turbine  Drive,  P&I  #6 

Oxidant  Compressor,  Electric  Motor  Drive,  P&U  #7 

Alternatives  ASU  Compressor,  Electric  Motor  Drive, 
P&I  #2 

REFERENCE  DOCUMENTS  - NOT  ATTACHED 


l-FS-815,  Rev.  1 
l-FS-816,  Rev.  2 
l-FS-817,  Rev.  3 

l-FS-818,  Rev.  3 
l-FS-819,  Rev.  3 
l-FS-814,  Rev.  3 


"The  Blast  Furnace  Oxygen  Plant  at  Schwelgern",  E.  Schoenpflug,  Linde 
Reports  on  Science  and  Technology,  18/1973. 

"Production  and  Use  of  60  X Oxygen  for  Blast  Furnaces",  D.  Tebbe, 

August  Thyssen-Huette  AG,  October,  1975. 

"The  Optimisation  of  Air  Separation  Plants  for  Combined  Cycle  MKD  Power 
Plant  Application",  by  H.  Springmann,  R.  Greenberg,  and  A.  J.  Juhass, 
Proceedings  of  7th  International  Conference  on  MHD  Electrical  Power 
Generators . Vol  I,  pp  403-409,  June  1980. 

Final  Report  on  Contract  DEN  3-165  (1981). 

Compressed  Gas  Association  Pamphlet 
G.  44. 


Industrial  Practices  for  Gaseous  Oxygen  Transmission  and  Distribution 
Systems. 

"European  Working  Panel  (EWP)  Code  of  Practice  for  Turbo  Compressors 
for  Oxygen  Service,"  Latest  Edition. 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
OXIDAPT  SUPPLY  SYSTEM 
APPENDIX  "B" 

SUMMARY  OF  COMPRESSOR  STUDIES  CONDUCTED 
BY  LOTEPRO  CORPORATION  FOR  THE  ETF  CONDITIONS 


In  order  to  determine  the  optimum  compreeeor  selection  for  the  ETF,  ell  poten- 
tial vendors  of  large  rotating  compression  equipment  in  the  USA  and  Europe  were 
approached. 

ASU  Compressor 

Vendors'  proposals  for  the  ASU  compressor  recommended  the  use  of  a combined 
axial-radial  compressor  with  the  radial  stages  (centrifugal)  used  et  the  high 
pressure  end  of  the  machine.  There  are  numerous  examples  of  this  type  cur- 
rently in  service  at  air  separation  plants. 

Potential  vendors  for  this  application  are  tabulated  below: 


Company 

Country  of 
Manufacture 

Type  of 
Machine 

Background 

Dresser-Clark 

USA 

AR  (axial/radial) 

several  smichines 
in  service 

DeLeval 

USA 

AR 

several  machines 
in  service 

Suiter  Bros 

Switzerland 

AR 

many  applications 
in  service 

Demag 

West  Germany 

AR 

many  applications 
in  service 

GHH 

West  Germany 

AR 

many  applications 
in  service 

Ingersoll-Rand 

USA 

Axial 

new  designs  being 
developed 

Allis  Chalmers 

USA 

Axial 

new  designs  being 
developed 

General  Electric 

USA 

Axial 

sold  as  part  of  gas 
turbine  packages 

Westinghouse 

USA 

Axial 

sold  as  part  of  gas 
turbine  packages 

Elliot 

USA 

Axial  ? 

status  uncertain 
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APPEMDIX 

(continued) 


In  ell  caeee  the  machine  would  be  intercooled  after  th^  axial  atagea  and  poaai'- 
bly  between  radial  atagea,  namely  where  more  than  one  radial  atage  ia  required. 

Oxidant  Compreaaora 

Selection  of  the  oxidant  compreaaora  poaed  a problem,  namely  the  uncooled 
coaqpreaai&n  of  enriched  air  at  up  to  40  volume  percent  oxygen.  It  would  be 
poaaible  to  uae  a traditional  compreaaor  rated  for  pure  oxygen.  Thia  would  be 
a horiaontally  aplit-caaing  centrifugal  type  BMchine.  However,  thia  proved  to 
reault  in  very  expenaive  hardware  due  to  the  large  oxidant  flov  rate  and  due 
to  the  many  built-in  aafety  featurea,  moat  of  idiich  are  not  needed  for  thia 
application. 

The  optimum  aolution  waa  found  to  be  the  uae  of  an  axial-radial  compreaaor 
alaioat  identical  to  thoae  uaed  for  uncooled  air  compreaaion.  It  waa  determined 
that  theae  compreaaora  could  be  uaed  aafely  with  enriched  air  atreaam  contain- 
ing up  to  40Z  (by  volume)  oxygen.  In  ETF,  theae  compreaaora  would  be  uaed  for 
a nominal  30Z  oxygen  enriched  air  aervice.  Minor  modificationa  to  the  comprea- 
aor muat  be  aiade  to  enaure  aafe  operation.  Theae  a»dificationa  were  atudied  by 
aeveral  manufacturera  (Sulxer  Broa.,  GHH,  Demag,  DeLeval  and  Dreaaer-Clark) . 

The  aumnary  findinga  of  theae  atudiea  are  aa  followa: 

1.  Two  operating  axial/radial  compreaaor  unita  compreaaing  enriched  air  at  30 
and  40  volume  per  cent  oxygen,  reapectively , were  identified.  Potential 
vendora  for  aupply  of  theae  unita  would  be  the  aame  aa  that  given  above  for 
the  ASU  compreaaor. 

2.  High  efficiency  axial  air  compreaaor  deaigna  can  be  uaed  at  up  to  40Z  O2 
by  volume  provided  chat: 

a.  The  caat  iron  (containing  graphite)  houaing  ia  upgraded  by  material 
replacement  with  cast  ateel. 

b.  Bearing  seala  employ  a nitrogen  buffer  gaa  ayatem  to  prevent  lubri- 
cating oil  vapora  from  entering  the  auction  aide  of  the  compreaaor. 

3.  Allowable  vibration  levela  aa  apecified  in  the  international  atandarda 
auch  aa  API  617  (Centrifugal  Compreaaora  for  General  Refinery  Servicea, 
Fourth  Edition,  1979)  or  European  Working  Panel  on  Turbocompreaaora  for 
Oxygen  Service  (third  printing  1978)  can  be  uaed  for  compreaaora  in  oxygen 
enriched  air  aervice. 
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APPENDIX  **B" 
(continued) 


4.  It  is  quite  important  that  the  oxygen  is  distributed  uniformly  in  the 
enriched  air  before  entering  the  compressor  because  there  is  little  mixing 
in  the  compressor.  The  degree  of  compressor  reaction  does  not  have  sig- 
nificant influence  in  ^hc  mixing,  distribution,  or  separation  of  oxygen  in 
the  gas  stream. 

5.  The  degree  of  reaction  has  an  influence  on  the  blade  tin  clearance  needed 
to  obtain  maximum  efficiencies.  The  blade  tip  clearance  should  be  very 
small  for  a high  reaction  type  blading  (lOOZ  or  120%),  but  it  is  of  less 
importance  for  a 50%  reaction  type  blading.  Since  an  increased  blade  tip 
clearance  is  required  for  oxygen  enriched  air  compression,  the  drop  in 
efficiency  with  50  % reaction  blading  is  smaller  than  it  would  be  with  the 
higher  reaction  blading. 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
OXIDANT  SUPPLY  SYSTEM 
APPENDIX  "C* 

DATA  TABLES  GIVING  STATE  POINT  CONDITIONS 
FOR  THE  HARDWARE  OPERATING  AT  RATED  FLOW, 

103. 3X  RATED  FLOW,  75X  RATED  FLOW,  AND  WITH  THE  ASU 
PRODUCING  A MODERATE  FLOW  OF  LOX 


State  point  operating  conditions  are  given  in  Table  1C  for  the  Oxidant  Supply 
System  operated  at  the  nominal  design  Rated  Flow.  Small  flows  (0.6  tons /day) 
of  liquid  oxygen  and  liquid  nitrogen  (4.3  tons/day)  are  also  produced  to  "top 
off"  the  liquid  storage  tanks  and  provide  LIN  flow  to  the  magnet  (see  drawings 
l-FS-813  and  l-FS-817  for  flow  path  details).  A pressurized  gaseous  nitrogen 
flow  is  also  present  (see  Drawing  l-FS-815).  This  goes  to  the  ETF  Facility 
nitrogen  gas  compressor  for  use  as  inert  gas  blanketing  throughout  the 
Facility. 

Table  2C  shows  the  operating  conditions  achieved  when  the  Oxidant  Supply  System 
is  readjusted  to  produce  103. 3X  Rated  Flow  at  the  same  30Z  oxygen  fraction  as 
prescribed  for  design.  This  mode  potentially  allows  increased  coal  flow  and 
power  production  by  the  ETF  plant. 

Table  3C  shows  the  operating  conditions  achieved  when  the  ASU  and  Oxidant 
compressors  are  turned  down  (throttled  back)  to  75  X Rated  Flow  (at  30  vol  X 
oxygen).  This  mode  potentially  allows  operation  of  the  ETF  at  the  minimum 
power  level  prescribed  in  the  "Design  Requirements  Document". 

Table  4C  shows  the  operating  conditions  achieved  with  the  ASU  adjusted  for 
moderate  production  (50.2  tons/day)  of  LOX  to  accelerate  refill  of  the  LOX 
tanks.  This  operating  mode  corresponds  to  752  of  rated  gaseous  oxygen  and 
oxidant  flow. 

Cooling  water  requirements  for  Rated  Flow,  103.32  Rated  Flow  and  752  Rated  Flow 
are  given  in  Table  5C.  Corresponding  steam  consumptions  are  given  in  Tabic  6C. 

Electrical  power  consumptions  for  the  #1  Oxidant  Compressor  (when  in  service) 
and  for  miscellaneous  Oxidant  Supply  System  items  are  given  in  Table  7C. 
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APPENDIX 

(continued) 


Operating  data  for  the  ASU  steam  turbine  driven  compressor  and  for  three  oxi- 
dant compressors  are  given  in  Tables  8C  to  IOC.  A Demag  model  AR  250/7/lF 
compressor  ves  selected  for  the  ASU  compressor  based  on  its  low  pouer  consump- 
tion tlien  compared  to  other  manufacturers'  compressors.  GHH  high  performance 
axial  compressors  were  selected  for  the  oxidant  compressors,  again  based  on 
their  high  performance  relative  to  other  manufacturers. 
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APPENDIX  C* 
(continued) 

TABLE  1C 


STATE  POINT  CONDITIONS  FOR  THE  NOMINAL  DESIGN  CASE 
(RATED  FLOW) 


Note:  scf  ere  defined  at  60^F  and  14.7  psia 

Air  to  ASU: 

Flow 

Pressure 

Temperature 


123,920  scfm 
36.6  psia 
84  OF 


Gaseous  Oxygen  Product  from  ASU: 
Contained  Oxygen  Flow 


Discharge  Pressure 

Temperature 

Composition 
(mol  Z): 

oxygen 

nitrogen 

argon 

water  vapor 
CO2 


1500  ton /day 
(125,000  lbs /hr) 

13.3  psia 

75  op 


70.00  Z 
26.88  Z 
3.12  Z 
0.00  Z 
0.00  Z 


^Discrepancies  between  the  values  given  in  this  document  and  those  used  on  the 
ETF  Heat  and  Mass  Balance  Diagram  are  explained  by  the  fact  that  the  material 
was  developed  concurrently.  Future  ETF  Heat  and  Mass  Balance  diagrams  will 
utilize  this  data  to  update  Che  ETF  Heat  and  Mass  Balance  Diagram. 
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TABLE  1C 
(continued) 


Liquid  Oxygen  Product  from  ASU; 

Contained  Oxygen  Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  Z): 

oxygen 

nitrogen 

argon 

water  vapor 

CO2 

Gaseous  Nitrogen  Product  from  ASU: 
Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  Z): 

nitrogen 

oxygen 

Liquid  Nitrogen  Product  from  ASU; 
Flow 

Discharge  Pressure 

Temperature 

Compos  it ion 
(mol  Z); 


0.6  ton /day 
26.1  psia 
-299  OF 


70.00  Z 
26.88  Z 
3.12  Z 
0.00  Z 
0.00  Z 


198.6  ton /day 
47.9  psia 
75  op 


99.99  Z 

less  than  100  ppm 


4.3  ton/day 
47.9  psia 
-304  op 


nitrogen 

oxygen 


C4 


99.99  Z 

less  than  100  ppm 
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APPENDIX  C 
(continued) 

TABLE  1C 
(continued) 


Oxidant  Product  from  Oxidant 


Flow 

Suction  Pressure 

Suction  Temperature 

Discharge  Pressure 

Temperature  Discharge 

Composition 
(mol  X): 

nitrogen 

oxygen 

argon 

water  vapor 
carbon  dioxide 


Compressors ; 

875,871  Ibs/hr 
12.85  psia 
500  p 
73.5  psia 
437  op 


68.16  X 
30.00  X 
1.34  X 
0.48  X 
0.02  X 
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APPENDIX  C 
(continued) 


TABLE  2C 

STATE  POINT  CONDITIONS  FOR  103. 3X  RATED  FLOW 


Note:  scf  ere  defined  at  60°F  and  14.7 

Air  to  ASU: 

Flow 

Pressure 

Temperature 

Gaseous  Oxygen  Product  from  ASU: 
Contained  Oxygen  Flow 


psia 

128,025  scfm 
57.3  psia  - 
84  OF 


1550  ton/day 
(129,167  Ibs/hr) 


Discharge  Pressure 


13.5  psia 


Temperature 

Composition 
(mol  Z): 

oxygen 

nitrogen 

argon 

water  vapor 
CO2 


75  op 


70.00  X 
26.88  X 
3.12  Z 
0.00  Z 
0.00  Z 
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TABLE  2C 
(continued) 


Liquid  Oxygen  Product  from  ASU; 

Contained  Oxygen  Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  Z): 


0.6  ton/day 
26.1  psia 
-299  OF 


oxygen 

nitrogen 

argon 

water  vapor 

CO2 

Gaseous  Nitrogen  Product  from  ASU; 
Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  Z): 

nitrogen 

oxygen 


70.00  Z 
26.88  Z 
3.12  Z 
0.00  Z 
0.00  Z 


198.6  ton/day 
47.9  psia 
75  OF 


99.99  Z 

less  than  100  ppm 


Liquid  Nitrogen  Product  from 
Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  Z) : 

nitrogen 

oxygen 


ASU; 

4.3  ton/day 
47.9  psia 
-304  OF 

99.99  Z 

less  than  100  ppm 
C7 
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APPEHDIX  C 

TABLE  2C 
(continued) 


Oxidant  Product  from  Oxident  Compreeeors; 

Flow  905,153  Ibs/hr 

Suction  Pressure  12.85  psia 

Suction  Temperature  50*^  F 

Discharge  Pressure  76.0  psia 

Temperature  Discharge  448 

Composition 
(mol  X): 


nitrogen  68.16  X 
oxygen  30.00  X 
argon  1.34  X 
ueter  vapor  0.48  X 
carbon  dioxide  0.02  X 


C8 
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APPEHDIX  C 
(continued) 

TABLE  3C 

STATE  POINT  CONDITIONS  FOR  75X  RATED  FLOW 


Note ; 8cf  are  defined  at  60^F  and  14.7  paia 
Air  to  ASU: 


Flow 

Pressure 

Temperature 

Gaseous  Oxygen  Product  from  ASU; 
Contained  Oxygen  Flow 


96,740  scfm 
53.7  psia 
84  OF 


1125  ton/day 
(93,750  Ibs/hr) 


Discharge  Pressure 

Temperature 

Composition 
(mol  X) : 

oxygen 

nitrogen 

argon 

vnter  vapor 

CO2 


13.5  psia 
75  op 


70.00  X 
26.88  X 
3.12  X 
0.00  X 
0.00  Z 
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APPENDIX  C 

TABLE  3C 
(continued) 


Liquid  Oxygen  Product  from  ASU; 

Contained  Oxygen  Flow 

Discharge  Pressure 

Temperature 

Composition 
(mol  X): 


0.6  ton/day 
26.1  psia 
-299  OF 


70.00  X 
26.88  X 
3.12  X 
0.00  X 
0.00  X 

Gaseous  Nitrogen  Product  from  ASU; 

No  product  nitrogen  for  this  case. 


oxygen 

nitrogen 

argon 

uater  vapor 

CO2 


Liquid  Nitrogen  Product  from  ASU; 

Flow  4.3  ton/day 

Discharge  Pressure  47.9  psia 


Temperature 

Composition 
(mol  X): 

nitrogen 

oxygen 


-304  OF 


99.99  X 

less  than  100  ppm 


CIO 
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APPENDIX  C 

TABLE  3C 
(continued) 


Oxident  Product  from  Oxidant  Coaprceeore; 


Flow 

Suction  Pressure 

Suction  Temperature 

Discharge  Pressure 

Temperature  Discharge 

Composition 
(mol  Z): 


656,903  Ibi/hr 
12.85  psia 

500  p 

55.0  psia 
352  OF 


nitrogen  68.16  X 
oxygen  30.00  X 
argon  1.34  X 
uater  vapor  0.48  X 
carbon  dioxide  0.02  X 


Cll 
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APPENDIX  C 
(continued) 

TABLE  4C 

STATE  POINT  CONDITIONS  WITH  THE  ASU  PRODUCING 
A MODERATE  FLOW  OF  LOX* 


Note : scf  ere  defined  at  60^F  and  14.7  paia 

Air  to  ASU: 


Flow 

Pressure 

Temperature 

Gaseous  Oxygen  Product  from  ASU; 
Contained  Oxygen  Flow 


Discharge  Pressure 

Temperature 

Composition 
(mol  X): 

oxygen 

nitrogen 

argon 

water  vapor 
CO2 


*This  operating  mode  corresponds  to 
flow. 


123,920  scfm 
56.6  psia 
84  OF 


1125  ton/day 
(93,750  Ibs/hr) 

13.5  psia 

75  op 


70.00  X 
26.88  X 
3.12  X 
0.00  X 
0.00  X 


of  rated  oxidant  and  gaseous  oxygen 
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APPENDIX  J 

TABLE  4C 
(continutd) 


Liquid  Oxygen  Product  froa  ASU; 


Contained  Oxygen  Flow 


50.2  con/day 


Discharge  Pressure 


26.1  psi^ 


Temperature 

Composition 
(mol  I): 

oxygen 

nitrogen 

argon 

water  vapor 
CO2 

Gaseous  Nitrogen  Product  from  ASU; 


299  OF 


70.00  X 
26.88  X 
3.12  X 
0.00  X 
0.00  X 


No  product  nitrogen  for  this  case. 


Liquid  Nitrogen  Product  from  ASU; 

Flow  4.3  ton/day 


Discharge  Pressure  47.9  psis 

Temperature  -304  °F 


Composition 
(mol  Z) : 


nitrogen  99.99  X 

oxygen  less  than  100  ppm 
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APPENDIX  C 

TABLE  4C 
(continued) 


Oxidant  Product  from  Oxidant 
Flow 

Suction  Presau-e 
Sucticn  Temperature 
Discharge  Pressure 
Temperature  Discharge 


Compressors; 

656,903  lbs /hr 
12.85  psia 
500  F 
55.0  psia 
352  OF 


Composition 
(mol  X) : 


nitrogen  68.16  X 
oxygen  30.00  X 
argon  1.34  Z 
water  vapor  0.48  X 
carbon  dioxide  0.02  X 


C14 
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TABLE 

COOLING  WATER  REQUIREMENTS  FOR  SYSTEM  RATED  FLOW, 
103.31  RATED  FLOW  AND  7SZ  RATED  FLOW 


(in  GPM  and  resulting  in  a 15  rise) 

ASU  Compressor  Steam  Driven,  One  Motor  Driven 
Oxidant  Coipreasor  and  One  Steaa  Driven  Oxidant  Compressor 

lOOX  Rated  Flow  103. 3Z  Rated  Flow  75Z  Rated  Flow 


Air  Compressor 

5,470 

5,800 

4,160 

Steam  Condenser 
(270  F rise) 

13,900 

15,200 

10,400 

Expansion  Turbine 
Lube  System 

100 

100 

100 

Oxidant  Compressors 
Lube  System 

300 

300 

300 

Miscellaneous 

100 

100 

100 

Aftercooler 

6,000 

6,000 

6,000 

Steam 

Drives  for  ASU 

and  Two  Oxidant 

Compressors 

Air  Compressor 

5,470 

5,800 

4,160 

Steam  Condenser 
(270  F rise) 

20,200 

21,900 

14,300 

Expansion  Turbine 
Lube  System 

100 

100 

100 

Oxidant  Compressors 
Lube  System 

300 

300 

300 

Miscellaneous 

100 

100 

100 

Aftercooler 

6,000 

6.000 

6,000 
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APPENDIX  C 
(continued) 

TABLE  6C 


STEAM  CONSUMPTION  FOR  SYSTEM  RATED  FLOW, 
103. 3X  RATED  FLOW  AND  75X  RATED  FLOW 
(in  Ibe/hr) 


lOOZ  Raced  Flow  103. 3Z  Rated  Flow  73Z  Rated  Flow 


ASU  Compressor  99,600  106,700 

Oxidant  Compressor*  (1)  95,500  103,000 


Oxidant  Compressor  (2)  191,000 


206,000 


78,200 

75,000 

150,000 


*Assumes  motor  drive  on  the  other  compressor. 
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APPENDIX  C 
(continued) 

TABLE  7C 

ELECTRICAL  POWER  CONSUMPTIONS  FOR  SYSTEM  RATED  FLOW. 

103. 3X  RATED  FLOW,  AND  75%  RATED  FLOW 

lOOX  Rated  Flow  103. 3X  Rated  Flow  75X  Reted  Flow 

With  Electric  Motor  Driven 
Oxidant  Coapressor 
In  Operation 


(kW  at  shaft) 

12,150 

12,860 

7,840 

Miscellaneous  items: 

VoltaRe 

(volts) 

Phases 

Liquid  oxygen  pumps 

80 

480 

3 

Direct  contact  pumps  for 

air  compressor  aftercooler  40 

480 

3 

Condenser  hot  %ell  pumps 

10 

480 

3 

Lighting 

60 

480 

3 

Instrumentation 

20 

480 

3 

Miscel laneous 

20 

480 

3 
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APPENDIX  C 
(continued) 

TABLE  8C 

OPERATING  DATA  FOR  ASU  COMPRESSOR 
WITH  STEAM  TURBINE  DRIVE 

(Demag  Type  AR  250/7 /IF) 


Units 

lOOZ  Rated  Flow 

103. 3Z  Rated  Flow 

75Z  Rated  Flow 

Flow  Rate 
Inlet  Conditions: 

SCFM 

123,920 

128,030 

96,740 

Pressure 

PSIA 

13 

13 

13 

Temperature 

op 

42 

42 

42 

Relative  Humidity 

X 

57 

57 

57 

Discharge  Conditions 
(at  Compressor  Flans 

1 

;e) : 

Pressure 

PSIA 

56.6 

57.3 

53.7 

Temperature 

op 

170 

177 

160 

Performance: 

Power  (required  at 
drive  coupling) 
in  kW 

kW  +/- 

11,420 

12,115 

8,700 

Compressor  "peed 

RPM 

4,600 

4,695 

4,225 
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APPENDIX  C 
(continued) 

TABLE  9C 

OPERATING  DATA  FOR  EITHER  OF  THE  OXIDANT 
COMPRESSORS  WITH  STEAM  TURBINE  DRIVE 


(GHH  Axiel  Compressor  Type  AGR  7/14) 


Units 

lOOX  Rated  Flow 

103. 3X  Rated  Flow 

75X  Rated  Flow 

Oxidant 

30  vol  X 02 

30  vol  X ©2 

30  vol  X ©2 

Flow  Rate 

SCFM 

94,370 

97,525 

70,775 

Inlet  Conditions: 

Pressure 

PSIA 

12.85 

12.85 

12.85 

Temperature 

OF 

50 

50 

50 

Relative  Humidity 

X 

9.6 

9.6 

9.6 

Discharge  Conditions 

(at  Compressor  Flange): 

Pressure 

PSIA 

73.5 

76.0 

55.0 

Temperature 

OF 

437 

448 

352 

Performance : 

Power  (required  at 
drive  coupling) 
in  kW 

kW  ♦/- 
4 

11,724 

12,610 

6,990 

Compressor  Speed 

RPM 

5700 

5870 

4930 
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APPENDIX  C 
(continued) 

TABLE  IOC 

OPERATING  DATA  FOR  ELECTRIC  MOTOR  DRIVEN 
OXTDANT  COMPRESSOR 

(GHH  Axial  Compressor  Type  AGR  7/14L) 


Units 

lOOZ  Rated  Flow 

103. 3Z 

Rated  Flow 

75Z  Rated  Flow 

Oxidant 

30  vol  X O2 

30  vol 

Z O2 

30  vol  Z O2 

Flow  Rate 

SCFM 

94,370 

97,525 

70,775 

Inlet  Conditions: 

Pressure 

PS  I A 

12.85 

12.85 

12.85 

Temperature 

OF 

50 

50 

50 

Relative  Humidity 

X 

9.6 

9.6 

9.6 

Discharge  Conditions 

(at  Compressor  Flange); 

Pressure 

PSIA 

73.5 

76.0 

55.0 

Temperature 

OF 

439 

448 

380 

Performance: 

Power  (required 
at  drive  coupl- 
ing including 
gear  loss)  in  kW 

kW  +/- 
4Z 

12,150 

12,860 

7,840 

Compressor  Speed 

RPM 

5700 

5700 

5700 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
OXIDANT  SUPPLY  SYSTEM 
APPENDIX  D 

ALTERNATIVE  ASU  COMPRESSOR  WITH  ELECTRIC  MOTOR  DRIVE 


The  potential  of  driving  the  ASU  compressor  %iith  an  electric  motor  drive  rather 
than  a steam  turbine  «as  considered.  Drawing  l-FS-814  identifies  the  flow  pro- 
cess and  instrumentation.  In  particular,  use  of  this  type  of  drive  eliminates 
the  need  for  a by-pass  line  from  the  electrically  driven  Oxidant  Compressor 
connecting  the  aftercooler  (E2)  for  ASU  startup,  and  hence  greatly  simpli- 
fies the  system  and  system  startup. 

Operating  data  for  the  electric  motor  driven  ASU  compressor  is  given  in  the 
attached  Table  Dl. 


SDD-501 
Rev.  8-12-81 


APPENDIX  D 
(continued) 

TABLE  D1 


OPERATING  DATA  FOR  ALTERNATIVE  ELECTRIC 
MOTOR  DRIVEN  ASU  COMPRESSOR 
(Demag  Type  AR  250-7 -F) 


Units 

lOOX  Rated  Flow 

103. 3Z  Rated  Flow 

75Z  Rated  Flow 

Flow  Rate 

SCFM 

123,920 

128,030 

96,740 

Inlet  Conditions: 

Pressure 

PSIA 

13 

13 

13 

Temperature 

OF 

1*1 

42 

42 

Relative  Humidity 

X 

57 

57 

57 

Discharge  Conditions 
(at  Compressor  Flange): 


Pressure 

PSIA 

56.6 

57.3 

53.7 

Temperature 

op 

170 

177 

160 

Performance: 

Power  (required 
at  drive  coupl- 

kW +/- 

11,650 

12,360 

8,875 

ing  including 
gear  loss)  in  kW 

42 

Compressor  Speed 

RPM 

4600 

4695 

4225 
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MHD  BTF  PBOJBCT 
SYSTEM  DBSIGM  DBSCRIPTXOII 
MHD  POWER  TMm  SYSTEM 


1.0  rUMCTIOW  AMD  DESICM  REQUIREMEHT 

This  docuMTit  dascribts  the  ETF  MHD  Powr  Train  Systwi  show  in  Figura  1.  Th% 
docuBant  includaa  daacriptiona  of  ayataai  functiona,  intarfacaa  tilth  othar 
ayataaa,  aquip«?.nt  and  piping  raquiraaanta,  datign  critaria,  daacription  cf 
evaponanta,  oparating  «^aa,  and  aafaty  and  awintananca  raquiraMnta. 

1.1  FUNCTIONAL  REQUIREMENTS 

Tha  MHD  Potar  Train  Syataa  ganarataa  altamating  currant  (AC)  alactrical  powar 
froB  tha  coidraation  of  coal  uaing  tha  MagnatohydrodynaBic  procaaa  and  providaa 
tha  tharaal  input  for  alactric  potar  production  in  tha  ataaa  bottoaing  cycla. 

It  ia  tha  aajor  portion  of  tha  ETF  topping  cycla  and  conaiata  of  tha  four 
■ubayaraaa  achMMtieally  illuatratad  in  Fignra  1.  Thay  ara: 

1.  Tha  coal  coabuator,  lAiich  producaa  tha  raquiaita  high- velocity 
high-taaparatura  plaaaa 

2.  Tha  MHD  generator  tftich  produces  direct  currant  (DC)  electrical  potar 

3.  Tha  inverter  ahich  converts  the  DC  potar  to  AC  potar  coapatible  tilth  the 
plant  output  raquireaenta 

4.  The  MHD  control  aubsyatea  tdiich  oaintaina  required  conditiona  in  the  Potar 
Train  during  operation. 

Direct  current  (DC)  electric  power  is  generated  in  tha  MHD  channel  through  the 
interaction  of  high  velocity  plaaaa  with  a aagnatic  field  provided  by  a aupar* 
conducting  aagnet  titich  aurrounda  the  channel.  The  electric  currant  is 
collected  by  finely  aegaentad  electrodes  in  tha  channel  walla  and  coabined  into 
a few  current  sources  by  consolidation  circuitry.  Tha  currants  froa  these  DC 
sources  are  then  inverted  to  alternating  currant  for  transaiaaion  by  tha 
Utility  Grid. 

The  plaaaa  required  for  power  production  is  produced  by  coabusting  powdered 
coal  with  a preaauriaad  oxidant  and  adding  potaasiua  seed  to  achieve  adequate 
electrical  conductivity.  The  high  taaparatura  needed  to  ionise  the  seed  is 
obtained  by  enriching  tha  coad>ustion  air  with  oxygen  and  preheating  it  to  a 
taaparatura  consistent  with  tha  stata-‘of-tha<'art  of  aatallic  recuperators. 

Soae  excess  coal  ia  used  in  the  coaibustion  to  liait  tha  production  of  oxides 
of  nitrogen  (N0,t)  by  the  high  taaparatura  and  to  provide  tha  necessary 
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rttducini  eondition  in  thn  Hnnt  and  Sand  laeovary  8yata«  (HE/8R)  to  raduea  tha 
NO^  concantration  to  anvirooaantally  aceaptabla  lavala  prior  to  tha  ralaaaa 
of  tha  axhauat  gaa  to  tha  ataoaphara* 

Coal  ash.raloaaod  in  tha  coiri>uation  procaaa,  flow  through  tha  Fonar  Train 
vith  tha  plaaaa.  A portion  of  this  aah  condonaaa  aa  alag  on  tha  eontainaant 
will  vhara  it  protaeta  thm  froa  aroaion  and  inaulataa  thaa  froa  tha  high 
taaparatura  plaaaa.  Honavari  tha  aah  alao  tanda  to  raduea  tha  plaaaa  conduc- 
tivity and  coabinaa  with  tha  aaad,  raaulting  in  aoaM  loaa  of  aaad.  Tharafora, 
tha  co^uator  auat  ba  daaignad  to  rajact  a larga  fraction  of  tha  aah  prior  to 
tha  introduction  of  tha  aaad. 

Tha  plaaaa  antara  the  MHD  channal  froa  tha  coi^uator  thr<nigh  a nosala  lAiich 
accalarataa  it  to  tha  high  valocity  naadad  for  poaar  production.  Ita  praaaura, 
taaparatura  and  conductivity  drop  aa  it  flow  through  tha  channal.  Tha  MHD 
energy  convaraion  atopa  aa  tha  conductivity  approachaa  aero,  but  tha  energy 
raaaining  in  tha  gaa  ia  atill  aatiafactory  for  powring  tha  bottoaiing  cycle. 

The  gaa  ia  tranaferred  for  thia  purpoae  to  the  HR/S&  Syatan  by  tha  diffuaar, 
«hich  converta  aoae  of  tha  kinetic  energy  of  tha  gaa  into  an  incraaaad  atatic 
diacharge  preaaure  and  aeata  tha  velocity  raguiraaMnta  of  the  HR/SD. 

The  conbuation  gaaea  loae  larga  anounta  of  haat  to  tha  eonponant  preaaure 
containaent  wlla  uhich  nuat  be  recovered  to  iaq^rova  plant  parfomanea.  Thia 
ia  accottplished  by  cooling  the  coaiponenta  uieh  boiler  faedwter. 

The  deaign  of  the  MHD  Powr  Train  ia  crucial  to  both  the  parfonaanca  and  coat 
of  the  entire  ETF.  The  characteriatica  of  the  Powr  Train  largely  detamine 
the  deaign  paraaetera  of  the  Oxidant  Supply  Syataa,  Magnet,  HR/8R,  and  Staaai 
Powr  Train.  Thia  ia  a reault  of  the  cloae  integration  of  the  topping  and 
bottoming  cyclea.  Powr  Train  deaign  and  operating  paraaMtera  are  aatabliahed 
by  naxinixing  the  plant  efficiency  under  conditiona  Which  nininixe  auch  coat 
drivera  aa  coopreaaor  powr,  magnet  length,  and  oxygen  enrichment  factor. 

Plant  efficiency  calculationa  include  both  the  topping  and  bottoaiing  cycle 
efficienciea.  Eatabliahed  deaign  parametera  include: 

1.  Channel  length  and  lofting 

2.  Peak  magnetic  field  and  profile 

3.  Channel  load  factor  profile. 

Eatabliahed  operating  factora  include: 

1.  Oxygen  enrichment  factor 

2.  Co^uator  preaaure 

3.  Channel  mach  nu^er 

1 . 2 SYSTEM  IMTERFACES 

Interfacea  betwen  aubyatama  of  the  MHD  Powr  Train  and  plant  ayatema  are 
preaented  in  Table  1 and  are  deacribad  in  thia  document.  Interfacing  ayatema 
are  deacribad  in  tha  reapactive  "Syatam  Deaign  Daacriptiona". 
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1.3  DtllOl  OUTIIU 

D«titn  criteria  for  the  MHD  Poair  Train  ara  tha  ayatan  outputs » darivad  inputs 
and  aeeoapanyint  process » sMehsnical  and  alaetrieal  raquiraMnts  «3iieh  ara  used 
in  tha  selection,  sising  and  design  of  eonponants  and  to  dataraina  parfomukca. 

Engineering  design  criteria  for  all  disciplines  ara  in  accordanea  with  appli- 
cable codas,  standards,  regulations,  and  guides  issued  by  govannantal  agencies 
and  recognised  standards  organisations. 

1.3.1  Codas  and  Standards 


Systan  engineering  design  is  in  accordar  a aith  applicable  codas,  standards, 
and  guides  issued  by  tha  follouing  organisations: 

a.  AaMricsn  National  Standards  Institute  (ANSI) 

b.  Aaerican  Society  of  Mechanical  Bnginaars  (ASMS) 

c.  Ansrican  Society  for  Tasting  and  Materials  (ASTN) 

d*  AaMricsn  Melding  Society  (AMS) 

a.  Manufacturers  Standardisation  Society  of  tha  Valve 
and  Fittings  Iiulustry  (MSS) 

f.  pipe  Fabrication  Institute  (PFl) 

g.  Occupational  Safety  and  Health  Adaiinistration  (OSHA) 

h.  Instrunant  Society  of  ABerica  (ISA) 

i.  National  Fire  Protection  Association  (NFPA) 

j.  Conbustion  Institute 

1.3.2  Design  ParasMters 

1.3.2. 1 Coaibustor  Operating  Parasieters 

The  coidkustor  operating  paraaeters  are  listed  in  Table  2.  The  com- 
bustor stochiometry  uss  selected  to  provide  an  equilibrium  NOx  value  in  the 
NOx  control  furnace  of  the  Ha/SR  systsns  «hich  SMets  environsMntal  con- 
straints. High  slag  rejection  is  required  in  the  combustor  to  reduce  the  loss 
of  seed  through  combination  with  the  slag  and  to  improve  plasms  conductivity. 
The  selected  value  is  consistent  with  subacale  experimental  results.  The  heat 
and  pressure  loss  parameters  were  scaled  from  subscale  experimental  results  and 
the  other  parameters  ware  calculated  with  the  NASA  Chemical  Equilibrium  Code 
using  the  reference  coal  listed  in  Table  3. 

1.3. 2. 2 Generetor  Design  and  Operating  Parameters 

The  generator  design  and  operating  parameters  were  selected  by  combining  the 
plant  performance  optimisation  studies  described  in  Appendix  B with  economic 
considerations  kliich  dictate  the  use  of  the  minimum  channel  length  and  minimum 
oxygen  enrichment  factor  consistent  with  good  performance.  The  parmMters 
given  in  Table  4 and  Figures  2a  and  2b  were  generated  using  the  procedures  and 
assumptions  described  in  the  Appendix  B.  The  channel  optimisation  was  verified 
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by  Gilbert  AesocietM  utii^  their  reference  eycteanedel;  their  eerh  ie 
deter ibe4  in  Appendix  C. 

2.0  D88ICW  P18CE1PT10II 

2.1  Su—err  Deter iet ion 

The  MHD  Poeer  Trein  Sytten  eontittt  of  four  nejor  tubtyttent  wed  it  detisned  et 
the  ITf  Toppini  Cycle  producint  AC  electrical  poeer  and  proeiding  the  themal 
input  for  electric  poeer  production  in  the  bottoein8  cycle.  The  tyttea  it 
cited  for  the  total  ITf  thenaal  input  and  ia  detigned  for  hi^  teiq>erature  and 
high  preaaure  operation  uith  a tpeeifie  electrical  and  thecnal  output. 

Major  tubtyatea  eoe^nenta  ahow  on  Figure  1 are  the  eoabuttor  eonaiating  of 
cMtbuator  and  noaale,  MHD  Generator  aubayatea  eonaiating  of  channel  and  diffu** 
aer,  the  MHD  control  aubayatea  and  the  inverter  aubayatea. 

Coal  eoabuation  occura  in  two  atagea.  Xn  the  firat  atage,  coal  ia  gaaified  by 
partial  (fuel  rich)  eoabuation  vith  a portion  of  tha  oxidant.  Xn  the  aecond 
atage,  the  balance  of  the  oxidant  and  the  aeed  are  injected  to  eo^lete  the 
required  eoabuation  at  a fuel  rich  atoiehioaetrie  ratio  and  to  produce  the 
plaaaa  required  for  MHD  power  production.  The  noaale  aeceleratea  the  plaeaa 
to  the  required  velocity.  The  coabuator  ia  deaigned  for  aaxiawa  carbon 
utiliaation,  ainiaua  preaaure  drop,  and  ainiaua  heat  loaa.  All  well  aurfacea 
expoaed  to  the  eoabuation  gaaea  are  deaigned  to  be  alag  coated  to  reduce  heat 
loaa  and  to  protect  thea  froa  eroaion. 

A large  fraction  of  the  aah  content  of  the  coal  ia  continuoualy  aeparated  froa 
the  product  gaaea  and  rejected  in  the  firat  atage  aa  liquid  alag.  The  alag 
reaoval  equipaent  conaiata  of  an  aaaeibly  of  tanka,  cruahera,  valvea  and  piping 
tfiich  are  deaigned  to  aaintain  the  coibuator  preaaure  and  voltage  iaolation 
froa  ground.  Slag  draina  froa  the  co^uator  into  water'-filled  tanka  Where  it 
ia  chattered  by  rapid  cooling.  A cruaher  then  reducea  the  alag  to  a alurry 
auitable  for  diacharge  to  the  Slag  and  Aah  Managaaent  Syatra. 

The  channel  deaign  ia  based  on  the  CDXP  lAl  and  182  channela  ibicb  are  to  be 
teated  at  CDXF.  The  channel  ia  a diagonally  connected  Faraday  type  which 
incorporatea  aagnented  electrode  walla  and  barwall  inaulator  walla. 

Electrodea  aud  barwall  eleMata  are  of  water  cooled  copper  «id  are  electri- 
cally iaaulated  froa  each  other.  Anode  electrodea  are  capped  with  olatinua. 

The  channel  deaign  confoma  to  the  following  aet  of  liniting  operational 
conatrainta  that  repreaent  exiating  technology  for  channel  hardwnre  evolved 
froa  liaited  endurance  tea ting: 
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1. 

2. 

3. 

4. 


Axial  aUetric  fiald 
tranavaraa  alactrieal  fiald 
Tranavaraa  currant  danaity 
Hall  patMaear 


2*3  kV/m 
4.0  kV/a 
10  kA/«2  •axiwaa 
4 


Channal  alaetrodaa  ara  aagaaatad  to  liait  tha  voltaga  diffaranca  batuaan  adja- 
cant  aagaanta  to  laaa  than  45  volts.  Slactroda  aagaantation  langth  ia  to  ba 
aat  by  fabrication  aeonuaics  and  that  raquirad  to  liait  aaxiaua  fault  pouar  to 


1 kW. 


Tha  alactroda  c<maolidation  circuitry  aatchaa  tha  raw  alactric  powar  froa  tha 
channal  to  tha  input  ra^uiraaanta  of  tha  invartars.  This  circuitry  acta  to 
control  chanMl  loading,  ragulata  alactroda  curranta  and  stabiliaa  channal 
oparation.  Thia  circuitry  ia  dasignad  to  ainiaiaa  alactrieal  loaa  and  to 
diagonally  connect  tha  channal  ahila  naintaining  tha  daaign  alactroda  voltaga 
and  currant  profiles. 

Tha  Diffuser  sisa  and  divergence  angle  ara  salactad  to  attain  naxiausi  pressure 
recovery  needed  for  naxiMs  enthalpy  axtraction  in  tha  channal.  Diffuser 
cooling  circuits  ara  designed  for  staasi  generation  and  ara  integrated  with  the 
steaa  drua  of  the  radiant  boiler. 

All  surfaces  of  tha  channal  and  diffuser  exposed  to  tha  coabuation  gases  ara 
designed  to  ba  slag  coated  to  reduce  heat  loss  and  to  protect  than  froa 
erosion. 


Tha  inverter  subaystaa  converts  consolidated  but  unfiltarad,  DC  electrical 
powar  froa  tha  M10>  generator  aubsyataa,  to  fixed  voltaga,  3 phase,  constant 
frequency  AC  power  and  delivers  it  to  tha  BTF  switchyard.  The  subsystM 
regulates  the  DC  electrical  powar  input  froa  the  consolidation  circuitry.  It 
acts  to  control  tha  DC  input  voltages  and  currants  within  tha  stated  opara> 
clonal  Units  by  varying  the  inatantanaous  rata  at  which  powar  is  converted 
and  delivered  to  tha  output  bus.  Xt  acts  within  its  capacity  to  naintain 
operational  conditions  at  tha  output  bus  within  noraal  linits.  It  is  designed 
to  protect  the  power  train  froa  external  electrical  disturbances  by  disconnect 
ting  itself  froa  the  inverter  bus  whenever  the  noraal  Units  are  exceeded  for 
•n  indefinite  period  of  tine,  or  idienever  the  bus  eaergency  Units  are 
exceeded.  It  protects  the  other  electrical  systeas  within  the  ETF  froa  dis- 
turbances caused  by  the  MHD  Power  train. 

Cooling  is  required  for  the  inverter  subaystaa  to  naintain  inverter  coaponents 
within  the  design  and  allown  ''a  teaperature  operational  Units.  Type  of  cool- 
ant and  degree  of  cooling  will  be  detemined  by  the  coi^nent  design.  In  the 
event  of  inverter  aalfunction  the  iwierter  will  shut  itaelf  down  and  fores 
both  the  DC  bus  current  and  the  AC  currents  into  the  inverter  bus  to  aero. 
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The  MHO  control  subsystsa  controls  the  energy  conversion  processes  within  the 
MHO  power  train  shich  are  directly  involved  with  producing  regulated  two- 
terainal  DC  power  and  the  plasaa  flow  rates  required  by  power  deaand.  This 
subsystew  controls  and  regulates  cosibustor  operation  and  plasma  conductivity 
by  controlling  coal,  oxidant  and  seed  input  to  the  co^ustor  for  the  required 
power  level  deaand.  The  subsystea  acts  to  control  the  MHD  channel  electrical 
load  through  sensing  and  neasureaent  of  the  electrode  power  take-off  currents 
and  voltages,  and  the  switching  and  modulation  of  active  electrical  control 
elements  within  the  consolidation  network.  It  also  acts  to  regulate  the  flow 
of  two  terainal  DC  electrical  power  into  the  inverter  and  to  connect  or  discon- 
nect itself  from  the  inverter  as  required. 

This  subsystem  informs  the  supervisory  control  system  (facility  control  system) 
of  the  status  of  the  MHD  power  train  and  detects  abnormal  operation.  It  acts 
to  stablize  the  power  train  within  its  operational  range  through  coordinated 
control  of  the  combustor,  generator,  and  electrical  consolidation  circuitry. 

The  subsystea  is  designed  to  protect  the  MHD  power  train  system.  In  event  of 
abnormal  operation,  the  control  subsystem  is  designed  to  initiate  corrective 
action  within  the  required  response  tisM. 

2.2  DETAILED  DESCRIPTION 

The  MHD  Power  Train  System  is  an  open  cycle,  coal  fired,  close-coupled,  single 
train  electric  power  generating  system. 

The  combustor  and  MHD  generator  subsystems  are  mounted  in  a mechanically  close 
coupled,  iu-line  horizontal  configuration,  shown  on  Drawing  SDD-1101.  The 
inverter  and  control  subsystems  are  connected  through  electrical  wiring  and 
cabling. 

2.2.1.  Major  Subsystems 

2. 2. 1.1  Combustor  Subsystem 

The  design  of  the  coal  combustor  is  based  on  the  technology  developed  at  20  MWt 
by  the  TRW  Defense  and  Space  Systems  Group  as  part  of  the  DOE  MHD  Combustor 
Development  Program.  Outline  diagrams  and  scale-up  parameters  for  this  design 
were  provided  by  TRW  through  the  DOF  Pittsburgh  Energy  Technology  Center 
(PETC).  The  selection  of  this  design  concept  was  based  on  an  evaluation  by  DOE 
of  the  relative  merits  of  three  alternative  concepts.  The  DC®  evaluation  com- 
pared the  test  results  at  20  MWt,  potential  for  scaling  to  large  systems,  and 
suitability  for  use  in  a comercial  plant.  This  design  provides  the  following 
advantages: 

1.  Relatively  low  heat  loss  and  pressure  drop 

2.  High  carbon  utilization 

3.  Effective  slag  rejection 

4.  Good  operational  characteristics  including  rapid  startup  and  shutdovn 
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Tht  co«bu»tor  lubtyitMi  asiMibly  it  tho«n  on  thn  Powr  Train  A«tMri>ly  Drawing 
8DO>1200.  It  conaiata  of  thrae  najor  alaaanta: 

1.  tha  eonbuator 

2.  tha  aU|  rajaction  a^oipa«nt 

3.  tha  noaala. 

Tha  eonbuator  la  a tu>  atag*  unit  eoa^ining  two  firat  ataga  eonbuator  «fith  one 
aaeond  ataga  eonbuator  Conbuation  gaaaa  fron  tha  firat  ataga  conbuatora  f lov 
toward  aaeh  othar,  turn  through  90^  aa  thay  narga  into  ona  atraan,  paaa 
through  tha  aaeond  ataga  eoadwatori  and  diaeharga  through  tha  noaala  to  tha  MHD 
ganarator*  Tha  firat  ataga  eoadiuatora  gaaify  tha  eoal  and  ranova  tha  coal  aah 
aa  alag.  Tha  aaeond  ataga  eonbuator  conplataa  tha  conbuation  and  produeaa  tha 
plaana.  Tha  plaana  ia  accalaratad  by  flow  through  tha  noaala  to  tha  valocity 
raquirad  for  alactric  powar  production. 

Tha  eonbuator  ia  daaignad  to  oparata  at  a praaaura  laval  of  about  4.5  atn. 

Tha  oxidiaar.  conaiating  of  oxygon  anrichad  air,  ia  prahaatad  to  a noninal 
tanparatura  of  1100°  P>  Tha  fual  ia  Montana  aubbituninona  coal  pulvariaad 
to  70X  through  200  naah  and  driad  to  a noiatura  contant  of  5X  bafora  firing. 

An  air/fual  ovarall  atoichionatric  ratio  of  0.9  ia  mployad  for  HO^  aniaaion 
control. 

The  eonbuator  aubayatan  ia  connoctad  to  tha  inlat  and  of  tha  MHD  ganarator 
which  oparataa  at  a 30,000  volt  potantial  above  alactrical  ground.  Tharafora, 
it  ia  nacaaaary  to  provide  alactrical  iaolation  for  all  eonbuator  aupport 
naabara,  tha  alag  collaction  ayatan,  and  tha  feed  linaa  aupplying  oxidisar, 
fual,  aaad,  and  cooling  water. 

Cooling  of  tha  eonbuator  ia  raquirad  to  naintain  tha  tanparatura  of  wall 
natariala  and  injactora  within  allowable  operating  tanparatura  and  atraaa 
levala  at  tha  heat  load  inpoaad  on  tha  walla  and  tha  injactora.  Heat  load  is 
due  to  convactiva  heat  transfer  fron  tha  gas  to  the  wall,  radiative  heat 
transfer  fron  tha  conbination  of  tha  gas,  aaad  and  slag  to  tha  walls  and  the 
heat  gancratad  by  or  absorbed  fron  coal  combustion  on  tha  wall  and  fron  tha 
alag  deposited  on  tha  wall.  Tha  heat  load  is  absorbed  by  high  pressure  boiler 
feedwater  which  ia  continuously  circulated  through  cooling  pasaagas  at  a high 
velocity  to  provide  a high  coefficient  of  heat  transfer. 

Cooling  water  supply  and  discharge  lines  are  electrically  isolated  fron  tha 
eonbuator.  Electrical  insulator  notarial  is  installad  between  connecting  pipe 
flanges.  A thin  layer  of  insulating  natarial  is  provided  (a.g.  flane  spray) 
on  the  inner  wall  of  tha  pipn  for  a short  distance  to  nininisa  currant  conduc- 
tion through  tha  boiler  facjwater. 
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2. 2. 1.1.1  First  Stags  CMibustor 

The  first  stage  consists  of  a continues  cylinder  containing  tw  opposing  coa- 
bustor  chasdiers  counted  to  discharge  into  a covnon  nixing  chuber.  The  oxidant 
is  injected  tangentially  near  the  outer  ends  of  each  combustor  to  generate  a 
vortex  around  the  cosibustor  axis.  Pulverised  coal  is  injected  into  the  oxidant 
strean  through  a pintle-type  assesd>ly  located  on  the  axis  of  the  combustor  and 
near  the  inlet  end.  The  coe^ustor  arrangement  is  selected  for  an  optimum  oxi- 
dant injection  angle  and  velocity  and  for  uniform  radial  mixing  of  the  coal 
particles  tiith  the  oxidant  flow. 

2. 2. 1.1. 2 Second  Stage  Coe^ustor 

Fuel  rich  gases  from  the  first  stage  are  c<nibusted  with  additional  oxidant  in 
second  stage  combustor.  This  raises  the  gases  to  their  final  temperature  and 
establishes  the  final  stoichiometric  ratio  at  0.9.  The  second  stage  combustor 
also  serves  as  a plasma  duct  to  transport  the  plasma  to  a location  in  the  warm 
bore  of  the  smgnet  where  the  magnetic  field  is  sufficiently  high  for  MHO  power 
production.  This  process  arrangement  minimises  heat  loss  from  the  gases. 

The  length  of  the  second  stage  plasma  duct  is  determined  by  the  residence  time 
needed  to  complete  the  coed>ustion  and  produce  a straight  flow  having 
homogeneous  temperature  and  conductivity. 

The  interior  surface  of  the  plasma  duct  is  insulated  with  a slag  layer 
condensed  from  the  slag  carryover  from  the  first  stage. 

2. 2. 1.1. 3 Noxtle 

A flanged  convergent  nossle  connects  the  second  stage  combustor  plasma  duct 
and  the  channel  inlet.  The  nozzle  is  designed  for  subsonic  Mach  Number  dis- 
charge. Its  length  is  determined  to  minimize  pressure  drop  and  heat  loss,  and 
the  design  includes  the  insulating  effect  of  a layer  of  slag  on  its  walls 
(slagging  operation).  The  flow  path  cross-section  is  square  and  the  discharge 
flow  dimensions  conform  to  those  of  the  channel  inlet.  Cooling  is  provided  by 
circulating  high  pressure  boiler  feedwater  through  internal  cooling  passages. 

2.2.1. 1.4  Slag  Rejection  Equipment 

The  conceptual  design  of  the  slag  rejection  equipment  was  prepared  by  the  NASA 
MHD-ETF  Office. 

The  slag  rejection  equipment  assembly  receives  molten  slag  at  combustor  pres- 
sure from  the  combustor  slag  taps,  cools  it,  reduces  it  to  a slurry  consistency 
and  transfers  it  to  the  slag  and  ash  management  system.  These  functions  are 
performed  %n.thout  perturbing  combustor  operation.  They  are  accomplished 
through  use  of  a sequential  valve  operation.  The  assembly  consists  of  three 
quench  tanks,  three  first  stage  slag  collection  tanks,  a single  second  stage 
slag  collection  tank,  slag  crushers,  valving,  and  electrical  isolators. 
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Electric  isolation  is  provided  betusen  the  first  end  second  stage  collection 
tanhs,  at  the  discharge  of  the  second  stage  collection  tank,  and  in  the  service 
sir  and  astar  lines.  Fiberglass  epoxy  electrical  insulation  with  sufficient 
dielectric  strength  is  installed  betusen  flanges  in  the  air  supply  lines;  flex- 
ible insulating  hose,  is  installed  in  the  laiter  lines.  Electric  isolation  is 
also  provided  at  the  interface  of  the  second  stage  slag  collection  tank  legs 
and  pit  floor. 

All  equipawnt  is  designed  for  operation  at  combustor  pressure.  The  tank 
sixes,  integration  vith  the  emsbustor,  and  configuration  are  shotn  on  Drawing 
SDO-1200.  The  structural  support  is  shorn  on  Drawing  SDD-1102. 

During  operation,  the  first  stage  collection  and  quench  tanks  are  filled  tiith 
MSter  to  the  over-flow  outlets  of  the  quench  tanka  and  the  second  stage  tank 
is  enpty.  Cooled  and  filtered  water  is  continuously  circulated  through  the 
quench  tank.  The  quench  water  tanpersturs  is  SMlntained  in  tha  range  of 
160-1800  F to  limit  the  water  vapor  pressure  and  thus  avoid  the  entry  of 
water  vapor  into  the  combustor. 

Slag  is  collected  with  the  isolation  valves  betwaen  the  quench  tanks  and  first 
stage  collection  tanks  in  the  open  position,  and  the  discharge  valve  on  the 
first  and  second  stage  collection  tanks  closed.  The  second  stage  tank  is  at 
atmospheric  pressure  and  at  combustor  Hall  voltage  potential.  Hot  slag  falls 
into  the  quench  tank  and  is  shattered  into  small  pieces  by  the  stresses  induced 
by  thermal  shock.  The  slag  pieces  fall  into  the  crusher  and  are  reduced  in 
site  to  a slurry  consistency.  The  slag  pieces  fall  into  and  sccusnilste  in  the 
first  stage  slag  collection  tank.  At  s predetermined  slag  content,  the  first 
stage  tanks  are  isolated  from  the  quench  tanks  and  discharged  into  the  second 
stage  tank  raising  its  pressure  to  about  two  atmospheres.  The  valves  batsmen 
the  first  and  second  stages  are  then  closed,  and  the  valves  between  the  quench 
and  first  stage  tanks  are  reopened  to  permit  the  further  collection  of  slag. 

The  intertsnk  insulator  is  rinsed  and  heated  by  spraying  it  tdth  clean  water 
St  about  240*^  F.  The  residual  moisture  on  the  insulator  evaporates  upon 
venting  the  second  stage  tank  allowing  the  insulator  to  stand  off  the  full 
Hall  voltage.  The  second  stage  tank  is  then  electrically  grounded  and  the 
slag  slurry  is  discharged  to  the  Slag  Msnsgeswnt  System.  The  discharge  valve 
is  closed  when  the  tank  is  empty  and  the  insulator  on  the  discharge  line  is 
cleaned  with  a hot  water  spray.  This  restores  the  equipment  to  its  initial 
state.  Controls,  valvss  and  crushers  arc  pneuMtically  operated. 
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2.2.1. !• 5 Structural  Support 

The  coabuttor  and  slag  rejection  equipsMnt  are  supported  by  a structure  ehich 
stands  on  the  pit  floor.  Details  are  shotn  on  Drauing  SDD-1102.  The  support 
structure  is  electrically  isolated  fr<Ms  ground  by  installation  of  dielectric 
aaterial  such  as  fiberglaa  epoxy  between  flanges  in  the  structure  support 
colunns  as  shovn  on  Drawing  SDD-1102.  This  aaterial  has  high  conpressive 
strength  and  a dielectric  strength  rating  of  approxiaately  400  V/ail.  A few 
inches  thickness  of  insulation  has  s standoff  capability  several  tiaes  the 
anticipated  potential. 

2. 2. 1.2  HMD  Generator  Subsystea 

The  systea  consists  of  the  channel,  the  power  takeoffs,  the  consolidation 
circuitry,  and  the  diffuser.  The  MHD  generator  is  shown  on  Drawings  SDD-1300 
and  1301.  The  aechsnical  and  electrical  design  of  the  MHD  generator  is  based 
on  the  design  contained  in  the  Avco  **ETF  Conceptual  Design"  report.  Reference 
FE-2614-2.  It  also  incorporates  the  follosdng  aodifications  recoaaended  by 
the  Avco  technical  staff: 

1.  Extend  the  electrode  structure  to  regions  of  magnetic  fields  of  leas 
than  0.5  Tesla  to  prevent  electrical  shorting  of  the  Hall  potential. 

2.  Reduce  electrode  segmentation  from  100  electrodes /meter  to  58 
electrodes /meter. 

3.  Reinforce  the  primary  structure  of  the  channel  srith  external  trusses. 

4.  Provide  current  consolidation  of  transverse  anode  segnmnts  to  limit 
fault  power  dissipation  to  approximately  1 kW. 

5.  Utilize  the  diffuser  for  steam  generation 
2. 2. 1.2. 1 Channel  Structure  and  Assembly 

The  active  channel  section  is  defined  as  that  portion  lying  between  the  mag- 
netic field  values  of  4 Tesla  at  the  entrance  and  3.5  Tesla  at  the  exit. 

Within  the  active  section,  the  channel  is  of  the  diagonally-connected  Faraday 
type  which  incorporates  segmented  electrode  walls  and  bar-wall  insulator  walls. 
Channel  inlet  and  outlet  flanges  are  located  in  a magnetic  field  of  less  than 
0.5  Tesla  to  minimize  power  loss  and  potential  damage  to  the  nozzle  and  diffu- 
ser from  axial  circulating  currents  induced  by  the  Hall  potential.  Inlet  and 
outlet  sections  lie  between  the  active  section  and  the  end  flanges.  These 
sections  are  fabricated  window  fraom  elements  which  are  insulated  from  each 
other. 
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Tha  channal  active  section  is  constructed  of  four  10-foot  long  Modules  to 
simplify  fabrication  and  assesibly.  The  modules  are  joined  by  tie  bolts  and 
joints  sre  sesled  with  RTV  Silicon  rubber.  Bach  aodule  consists  of  a four- 
wall  asseably.  The  top  and  bottom  vails  consist  of  water  cooled  electrode 
assemblies  mounted  on  electrically  insulating  backboards  fabricated  of  epoxy 
impregnated,  continuous-filament  glass  cloth  laminations.  The  side  walls  are 
constructed  of  water  cooled  bars  mounted  on  similar  backboards.  Details  of 
the  electrodes  and  insulator  bars  are  presented  in  the  next  section. 

The  backboards  are  structural  elements  and  their  assembly  provides  the  pressure 
containment  fot  the  plasma  as  it  flows  through  the  channel.  The  assembly  is 
reinforced  and  supported  over  its  entire  length  by  a truss  type  structural 
sections  as  indicated  in  Drawing  SDD-  1300.  The  sections  are  mounted  on  all 
four  sides  of  the  channel  and  are  bolted  to  each  other  to  maintain  the  walls 
in  compression.  The  truss  assemblies  also  provide  a means  of  supporting  the 
coolant  lines  and  electric  cabling  and  a means  of  handling  the  channel  and 
supporting  in  magnet  warm  bore. 

The  active  section  of  Che  channel  is  bolted  to  the  inlet  and  outlet  channel 
sections  which  are  flanged  for  attachment  of  the  notsle  and  Che  diffuser. 

Each  of  these  sections  are  approxiisately  five  feet  long  and  assembled  from 
copper  window  frames  which  have  diagonal  angles  corresponding  to  the  local 
equipotential  lines.  Each  window  frasie  is  insulated  from  its  neighbors  to 
avoid  shorting  the  Hall  potential. 

The  channel /structure  assembly  fits  within  Che  warm  bore  of  the  magnet  and  is 
designed  for  efficient  packaging  to  minimise  the  warm  bore  cross  section  and 
for  rapid  installation  and  removal  of  the  channel.  The  channel  coolant  water 
manifolding  and  electrical  power  take-off  cables  are  mounted  and  supported 
within  the  open  trusswork  of  the  channel  support  structure.  Electric  cables 
are  bundled  to  minimise  space  requiresients.  The  channel /support  structure 
assembly  is  supported  by  rails  mounted  in  the  rectangular  magnet  warm  bore. 
Rollers  are  provided  for  removal  and  installation  of  the  channel /support 
structure  assembly. 

2. 2. 1.2. 2 Electrode  and  Insulator  Walls 

The  electrode  design  concept  was  developed  in  the  Avco  Mk  VI  and  Mk  VII 
Component  Development  Program.  It  is  characterised  by  low  anodic  oxidation 
rates,  high  interelectrode-gap  breakdown  strengths,  and  low  thermal  stresses. 

It  effectively  quenches  anode  inters lectrode  arcs  and  minimises  arc  damage. 

The  channel  is  of  the  disgonslly-connected  Fsrsday  type.  The  electrodes  are 
segmented  to  limit  the  voltage  difference  between  adjacent  segments  to  less 
than  45  volts.  The  insulator  walls  are  of  the  bar-wall  type  with  short 
electrically-conducting  bars  approximately  aligned  along  the  diagonal  equipo- 
tential lines  and  insulated  from  each  other.  The  electrodes  and  bar-wall 
elements  operate  with  a surface  temperature  of  only  a few  hundred  degrees 
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Fahrenheit  and  have  a high  thertsal  conductivity  to  help  control  arcs.  The 
ualls  arc  designed  to  retain  a continuous  slag  layer  uhich  covers  them  to  a 
depth  of  approxinately  2 or  3 The  slag  layer  acta  as  a rencuable  barrier 
between  the  plasma  and  the  wall  elements  and  reduces  the  heat  loss  from  the 
plasma.  Its  surface  temperature  is  approximately  2800<*  F. 

The  electrodes  and  the  method  used  for  their  assembly  are  shown  in  Figure  3. 
Electrodes  are  fabricated  from  suitable  Lengths  of  OFHC  copper  bars,  1.0 
inches  thick,  0.602  inches  «dde.  Each  electrode  consists  of  four  transverse 
segments.  This  segmentation  is  selected  to  limit  the  maximum  power  of  any 
interanode  short  to  approximately  one  kilowatt  and  limits  the  longest  segment 
to  14  inches  (at  the  channel  exit).  The  cathode  electrodes  are  protected  with 
a full-width.  0.125  inch  thick  copper- tungsten  cap  braced  onto  the  copper 
substrate.  The  anodes  are  protected  by  a 0.010  inch  thick  platinum  cap  that 
also  covers  the  upstream  edge.  The  anode  upstream  corner  is  reinforced  by  an 
0.080  inch  square  platinum  strip.  Each  electrode  incorporates  a water  cooling 
passage  along  its  axis.  The  passage  is  plugged  at  the  ends,  and  the  coolant 
enters  and  exits  through  connectors  braced  to  back  of  the  electrode. 

The  electrode  walls  are  assembled  by  bolting  the  electrodes  to  the  insulating 
backboard  with  the  coolant  connectors  projecting  from  the  back  of  the  back- 
board.  A mica  thermal  barrier  is  placed  between  the  electrodes  and  the 
backboard.  All  holes  are  sealed  with  RTV  silicone  rubber  Electrodes  are 
insulated  from  each  other  by  0.075  inch  thick  boron  nitride  sheet.  The  sheet 
is  recessed  slightly  below  the  surface  of  the  electrodes  and  the  resulting 
groove  is  filled  tath  castable  alumina.  This  provides  effective  slag  attach- 
ment to  enhance  the  formation  of  a stable  slag  layer.  The  alumina  also 
protects  the  boron  nitride  from  thermal  shock  resulting  from  any  arcing  and 
reduces  the  heat  loading  to  the  insulator. 

The  sidewalls  consist  of  assemblies  of  segmented  diagonal  copper  bars  separated 
by  boron  nitride  or  alumina  insulators  mounted  on  backboards.  The  construction 
of  the  bars  is  similar  to  that  of  the  electrodes.  However,  the  bar  life  is 
considerably  longer  than  the  life  of  electrodes  and  elaborate  surface  protec- 
tion is  not  required.  Figure  4 illustrates  the  design  of  bars  for  the  CDIF  lAl 
channe 1 . 


2. 2. 1.2. 3 Channel  Cooling 

All  electrodes  and  bar  wlls  elements  are  water  cooled.  A parallel-series  man- 
ifolding system,  with  flow  regulating  orifices  on  the  supply  side,  provides  a 
coolant  flow  to  each  element  approximately  proportional  to  the  heat  transport 
to  it  and  prevents  local  flow  starvation.  Flexible  hoses  are  used  to  connect 
the  elements  to  the  manifolds  to  provide  voltage  isolation.  The  material 
limitations  of  these  hoses  limits  the  coolant  temperature  to  280°  F and  the 
pressure  to  250  psia.  The  channel  is  cooled  by  low  temperature  boiler  feed- 
water  in  order  to  recover  the  heat  lost  to  the  channel  vmlls.  Feedwater  is 
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taken  directly  £ro«  the  deaerator  and  ia  discharged  to  the  loirpressure 
economiser.  All  copper  cooling  passages  are  nickel  plated  to  provide 
compatibility  with  the  materials  used  in  the  turbines  and  the  balance  of  the 
steam  and  boiler  ««ter  systems. 

2.2. 1.2.4  Generator  Power  Takeoffs 

The  generator  power  takeoffs  are  a collection  of  electrical  cables  and  connncc- 
tors  that  transfer  electrical  current  between  the  channel  electrodes  and  the 
consolidation  network  located  adjacent  to  the  MHD  generator. 

The  active  channel  section  contains  704  anode  and  cathode  electrode  pairs. 

Each  electrode  consists  of  four  (4)  segments  of  equal  current  rating. 

Individual  segments  are  either  connected  directly  together  within  the  warm 
bore,  or  insulated  from  each  other  through  first  and  second  stages  of  consoli- 
dation as  required  to  meet  the  fault  power-dissipation  limit.  In  the  high 
current  region  of  the  generator,  individual  power  takeoffs  are  provided  for 
each  segment  of  every  snode.  In  the  low  current  region,  anode  segments  are 
paired  and  a power  takeoff  is  provided  for  each  pair.  A single  power  takeoff 
is  provided  for  each  cathode  electrode  since  it  is  segmented  only  for  mechani- 
cal purposes  and  the  segments  are  internally  connected. 

Each  power  takeoff  consists  of  a single  high-voltage  insulated  cable  with 
electrical  connectors  at  each  end.  A spade  lug  is  provided  for  each  electrode 
termination  and  one  mating  connector  is  provided  per  cable  bundle  at  the 
consolidation  network  interface.  Individual  power  takeoff  cables  and  their 
terminations  have  a maximum  two  volt  drop  at  rated  current  and  are  designed 
for  continuous  operation  at  280^  F. 

Power  takeoff  cables  are  bundled  in  groups  corresponding  to  generator  electrode 
consolidation  groups.  Each  bundle  contains  the  power  takeoffs  from  one  anode 
consolidation  group  and  from  its  corresponding  cathode  consolidation  group. 
Because  the  currents  from  each  group  are  nominally  equal  and  in  opposite 
direction,  the  net  magnetic  force  on  each  bundle  is  small.  Eighty-eight  (88) 
cable  bundles  are  provided.  Twenty-four  (24)  of  these  bundles  lead  out  of  the 
magnet  warm  bore  from  the  combustor  end  and  the  remaining  sixty-four  (64) 
bundles  exit  from  the  diffuser  end.  Table  5 provides  the  details  of  organisa- 
tion of  the  generator  power  takeoffs.  Each  bundle  is  bound  so  that  it  trill 
not  separate  in  the  magnetic  field  at  current  up  to  twice  the  design  rating. 
Each  bundle  in  its  sheath  is  sufficiently  flexible  to  be  bent  into  curves  of 
four  foot  (4  ft)  radius  or  less,  by  one  man.  The  voltage  difference  between 
cables  within  each  bundle  is  less  than  S kV. 
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2. 2. 1.2. 5 Consolidation  Natwork 

Tha  704  anodas  and  704  cathodaa  along  tha  ehannal  langth  ara  charactariaad  by 
uniqua  voltagaa  and  currants.  Tha  function  of  tha  consolidation  natuork  is  to 
organise  and  coabina  tha  currants  into  a high  voltaga  DC  currant  aourca 
requiring  only  one  coonon  positive  tarainal  and  aix  nagative  power  taraiinala 
for  connection  to  the  inverter.  The  network  is  designed  to  provide  Faraday 
loading  of  the  channel  electrodes  while  diagonally  connecting  thee  to  take 
advantage  of  the  Hall  potential  and  thus  provide  power  at  the  highest  possible 
voltage.  The  circuit  design  is  based  upon  consolidation  networks  developed  by 
Avco-Everett  Research  Laboratory,  Inc. 

The  consolidation  network  allows  the  inverter  to  load  the  generator.  It  acts 
to  maintain  the  electrode  voltage  and  current  profiles  established  by  the 
generator  design.  It  regulates  the  current  distribution  eawng  the  power 
takeoffs  within  established  limits.  It  stabilises  the  generator  by  damping, 
reducing  or  otherwise  suppressing  electrically  excited  upsets  to  the  process 
conditions  within  the  channel.  It  protects  the  generator  by  preventing  elec- 
trode voltages  and  currents  from  exceeding  safe  limits  and  by  dissipating 
excessive  power  concentrations  within  the  generator  arising  from  faults,  upsets 
or  overloads.  It  acts  to  present  a stable  direct  current  source  to  the  inver- 
ter under  all  conditions.  It  senses  the  power  takeoff  voltages  and  currents, 
and  relays  this  information  to  the  posmr  train  control  system. 

The  704  anodes  and  704  cathodes  are  consolidated  by  groups  of  eight  each  into 
two  sets  of  88  groups  as  indicated  on  Drawing  SDD-1501.  A cathode  group  is 
consolidated  by  cascading  three  consolidation  stages.  Each  stage  combines  two 
current  sources  into  a single  one  having  a current  equal  to  their  arithmetic 
sum  and  a voltage  equal  to  the  current  weighted  average  of  their  voltages. 

This  relationship  also  holds  when  several  stages  are  cascaded  to  combine  a 
larger  number  of  sources.  Thus,  each  group  represents  a source  providing  the 
current  from  eight  electrodes  at  a voltage  equal  to  their  current  weighted 
average. 

The  consolidation  circuitry  is  designed  to  prevent  excess  current  concentra- 
tions due  to  interelectrode  faults  by  maintaining  the  current  ratios  betreen 
Che  source  electrodes.  The  problem  is  the  roost  severe  for  the  anodes  because 
anode  faults  tend  to  persist.  Therefore,  each  anode  electrode  is  electrically 
subdivided  into  either  two  or  four  segments  and  the  current  from  the  segments 
are  combined  by  one  or  two  additional  stages  of  consolidation. 

The  interconnection  of  the  eight-electrode  consolidation  groups  is  shown  on 
Drawing  SDD-lSOl.  The  generator  is  diagonally  connected  by  connecting  the 
anode  and  cathode  consolidation  groups  as  shown  (i.e.  an  anode  group  is 
connected  to  the  cathode  group  having  the  same  number).  Power  terminals  are 
created  by  further  consolidating  sets  of  8 or  16  groups.  The  current  and 
voltage  values  of  the  terminals  are  adjusted  to  match  the  channel  design 
profiles  for  current  and  voltage. 
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Orstdngt  SDD~1502  and  SDlh*1503  illustrate  raspactivaly  tha  fiva  and  thraa 
staga  consolidation  nataorks  for  groups  of  sight  anodas  (for  tha  high  voltaga 
portion  of  tha  channsl)  and  cathodes.  Each  staga  of  consolidation  consists  of 
tUD  saparsts  sats  of  autotransforuar  coils  snd  four  blocking  diodas.  Tha  coil 
sats  ara  «ound  opposite  hand  on  tha  sans  cora  to  utilise  their  Mutual  induc- 
tance properties.  The  diodas  prevent  currant  backflow  frMi  one  coil  sat  to 
another.  Tha  staga  cosbinss  tvo  different  voltages  and  currants  by  admitting 
than  into  opposite  lags  of  each  of  tha  coils.  The  windings  of  the  lags  are 
proportional  to  tha  inversa  ratio  of  tha  currents  tdiich  sra  desired.  Since 
the  source  with  higher  voltage  would  increase  its  currant  with  tioe  and  cause 
the  current  froa  the  other  source  to  decrease » tha  currants  ara  switched  from 
one  coil  set  to  the  other  periodically  so  that,  because  of  tha  flux  linkages, 
tha  current  which  decreases  during  one  conducting  phase  is  restored  during  the 
next  phase.  Switching  frequencies  range  froa  200  Ha  to  1 kHs.  For  each  phase 
the  currant  that  aaergas  froa  tha  coaaon  tap  is  the  arithaetic  sua  of  the 
currents  froa  each  coil  leg.  Tha  voltage  is  the  average  of  tha  two  sources, 
weighted  by  their  currant  distribution.  This  relationship  also  holds  when 
several  stages  of  consolidation  are  used  to  combined  larger  numbers  of  sources. 
Switching  froa  one  phase  of  current  flow  to  tha  other  is  parforaed  by  a thyris- 
tor network  at  the  end  of  the  final  consolidation  stage. 

The  interface  between  the  consolidation  network  and  the  power  train  control 
system  is  presented  in  Drawing  SDD-1500.  The  network  is  sw>unted  on  racks. 

Patch  panel  connectors  are  provided  to  state  with  connectors  on  the  power 
takeoff  cables  and  busbar  connections  are  provided  for  Che  output.  The 
equipisent  will  occupy  approxiotataly  5000  square  feet  of  floor  space  adjacent 
to  the  powertrain  and  outgneC. 

The  consolidation  network  has  a low  conversion  loss  and  is  suitable  for 
operation  within  fixed  magnetic  fields  of  up  to  0.25  Tesla  in  an  environment 
equivalent  Co  NEC  Class  2,  Division  1 (Group  F).  The  autotrans formers  are  air 
cooled  and  dissipate  on  their  aggregate  approximately  500  kW.  Their  maximum 
service  temperature  is  ISS^’  F (85*^  C).  The  semiconductor  components 
dissipate  up  Co  2000  kW  and  are  cooled  by  a forced  air  system.  240  v AC 
electric  service  is  also  required.  Equipment  uniform  floor  loading  will  not 
exceed  250  pounds  per  square  foot.  Fencing  or  other  personnel  protection  must 
be  provided  commensurate  with  the  voltage  hasard. 

2.2. 1.2.6  Diffuser 

The  function  of  the  diffuser  is  Co  contsin  and  efficiently  decelerate  the  high 
velocity  gas  exiting  from  Che  HHD  generator  channel,  and  provide  acceptable  gas 
entry  conditions  to  the  HR/SR  system.  This  requires  Chat  the  gas  be  deceler- 
ated to  a velocity  of  300  fps  and  1 atm  pressure  as  it  enters  the  radiant 
furnace  of  the  HR/SR. 
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Th«  gaoMtry  stluctud  for  tho  diffusor  is  basud  upon  th«  liaitod  data  availabla 
for  diffuaar  parforaanca  with  nonayaaatrie  flows  having  ralativaly  thick  boun> 
dary  layars.  Tha  dasign  consists  of  a squara  two-diaansional  divarging  duct 
with  plana  walls  having  a wall  half-angla  of  two  and  ona  half  (2  1/2)  dagraas. 
Diffuaar  langth  and  divarganca  angla  ara  salactad  for  Baximus  prassura  racovary 
factor.  Tha  diffuaar  is  constructad  in  thraa  longitudional  sactions  and 
consists  of  an  outer  prassura  vassal  fabricated  fro«  1/4  in.  steal  plate  with 
cooling  tubas  welded  to  its  inside  surface.  Structrual  stiffener  beams, 

welded  to  tha  outer  surface  of  tha  diffuaar,  provide  rigidity  and  support.  Tha 

upstream  section  of  the  diffuser  is  located  in  a ragion  of  relatively  high  mag- 
netic field.  This  section  is  made  from  non-magnatic  materials.  Tha  outer  wall 

is  stainless  steal  and  tha  cooling  tubas  ara  Inconel  600.  For  channel  removal 

this  section  is  disconnected  from  tha  channel  and  remaindar  of  the  diffuser. 

The  remaining  downstream  sections  of  the  diffuser  ara  fabricated  from  conven- 
tional carbon  steal.  Tha  cooling  tubas  ara  designed  to  be  coated  with  a slag 
layer  and  are  designed  for  steam  generation.  The  diffuser  cooling  water 
circuit  is  integrated  with  the  steam  generating  circuitry  of  tha  HR/SR  boiler. 

The  diffuser  incorporates  a transition  section  between  it  at  the  HR/SR  to 
accomodate  thermal  expansion  and  other  relative  actions  of  the  two  aystems  in 
all  three  directions.  The  transition  section  is  of  the  same  construction  as 
the  diffuser. 

The  transition  section  is  bolted  to  expansion  joints  at  the  diffuser  outlet 
flange  and  at  the  inlet  to  the  HR/SR. 

The  diffuser  is  mounted  on  a support  structure  which  incorporates  rollers  to 
accomodate  horizontal /axial  movement  and  hydraulic  actuators  to  suiintain 
vertical  alignnent. 

2. 2. 1.3  Inverter  Subsystem 

The  inverter  design  is  described  in  System  Design  Description  505. 

2.2.2  Piping  and  Valves 
Piping  and  valves  are  required  for: 

1.  Coal,  oxidant  and  seed  supply  lines 

2.  Water  coolant  lines  for  Combustor  and  MHD  Generator  Subsystems 

3.  Gas  sampling  lines 

Piping  and  valves  conform  to  applicable  ANSI  and  ASME  code  standards. 

2.2.3  Electrical 


Motor-operated  valves  are  460  volt,  3 phase,  60  Hz,  with  power  supplied  from 
the  480  volt  motor  control  centers.  Solenoid  valves  will  be  coordinated  with 
instrumentation  power  sources. 


16 


SDD-502 

August  11.  1981 


2.2.4  Instrutnts.  Controls  and  Alsrt 

Drsving  SDD-1500  show  th«  rolationship  of  the  MHD  control  subsystoa  to  the 
Facility  Supervisory  Control  Systasi,  the  Invertor  end  its  controller, 
cosiponents  of  the  MHD  Pover  Train,  and  the  coal,  oxidant  and  seed  feeds. 

The  function  of  the  control  subsysteai  is  to  regulate  the  energy  conversion 
processes  uithin  the  pouer  train  that  are  directly  involved  with  producing 
regulated  DC  electrical  power  froa  the  pulveriaed  coal,  oxidiser,  seed,  and 
magnetic  field  inputs.  It  performs  this  function  by  modulating  the  flows  of 
pulverised  coal,  oxidant  and  seed,  and  by  controlling  the  DC  bus  voltages 
through  the  inverter  subsystem. 

The  MHO  control  subsystem  does  not  include  inverter  control  functions,  except 
to  provide  DC  bus  voltage  reference  signals.  It  does  not  include  control  of 
coolant  flow  to  the  components.  This  is  performed  by  controls  in  the  super- 
visory control  system  associated  with  the  bottoming  plant.  It  does  not 
initiate  power  train  startup  or  normal  shutdown  sequencing,  although  it  has 
emergency  shutdown  sequencing.  It  responds  to  the  presence  or  absence  of  fleam 
in  the  combustor  but  does  not  control  ignition. 

The  MHD  control  subsystem  maintains  the  combustor  firing  rate  at  the  value 
commanded  by  the  supervisory  (facility)  control  system.  It  maintains  combustor 
stoichiosMtry  at  a setpoint  determined  by  the  supervisory  control  system.  This 
is  accomplished  through  open  loop  modulation  of  the  oxidant  inlet  based  on 
firing  rate  coomiand,  and  closed  loop  oxidant  inlet  trim  signals  from  the  super- 
visory control  system,  which  are  based  upon  amasurements  of  flue  gas  composi- 
tion in  the  boiler.  The  control  subsystem  controls  the  rate  of  seed  input  to 
maintain  plassm  conductivity  within  predetermined  limits  by  measuring  the 
static  pressure  profile  within  the  plasma  duct,  and  the  MHD  channel  electrode 
voltage  and  current  profiles.  The  control  subsystem  regulates  generator  load- 
ing by  setting  the  DC  bus  voltage  reference  maintained  by  the  inverter  and  the 
switching  and  modulation  of  active  electrical  elements  within  the  consolidation 
network. 

The  control  subsystem  stabilises  the  power  train  %rihin  its  operational  range 
through  coordinated  control  of  the  combustor,  seed  injection,  consolidation 
network,  and  DC  bus  voltage. 

It  informs  the  supervisory  control  system  of  the  operational  status  of  the 
power  train  and  provides  data  concerning  the  process  conditions.  It  allows  Che 
operator,  through  the  supervisory  control  system,  to  control  the  thermal  and 
electrical  output  power  levels  of  the  powertrain.  It  allow  the  powr  Crain  to 
be  operated  under  all  design  nodes  of  operation,  but  does  not  initiate  these 
modes. 

It  issues  alarms  and  shuts  down  those  portions  of  the  powertrain  within  its 
control  to  protect  the  powrtrain  and  facility  from  dasMge,  and  the  operators 
from  injury. 
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Th«  control  •ubsyatm  porfonu  corrective  ectlons  end  iesuee  elnrae  if  the  pre<* 
deterained  liaite  of  conductivity  ere  not  aet  or  ere  exceeded. 

The  control  eubsyeteai  ie  an  eeeeed>ly  of  electronic  control  circuits  instruaents 
and  elaras  aountad  in  e control  cabinet  and  connected  by  signal  cables  to  input 
sensors,  output  actuators  and  the  supervisory  control  aystea.  It  is  located 
adjacent  to  the  consolidation  natwrk,  and  requires  a cleaa  anviromant  ehose 
teaperaturs  does  not  exceed  120<>  F.  Required  floor  space  will  not  exceed  100 
square  feet  and  the  floor  loading  is  noainal. 

3.0  SYSTEM  PROTKCTIOH  AND  SAFETY  PREVENTKWS 

3.1  PROTECTIVE  DEVICES 

Protective  devices  ere  installed  to  protect  the  aystea  froa  operation  beyond 
the  liaits  prescribed  by  the  aanufacturcr. 

3.2  HAZARDS 

Installation  of  the  MHD  Pover  Train  presents  a hasard  to  personnel.  Not  only 
does  a serious  hasard  exist  froa  the  aagnetic  field  of  the  sagnet  but  the 
power  train  high  operational  voltage  requires  isolation  froa  personnel. 
Additionally  very  high  teaperatures  exist  within  the  equipaent  and  in  event  of 
equipaent  failure  personnel  in  the  area  could  be  affected. 

3.3  PRECAUTIONS 

The  manufacturers  operating  and  aaintenance  instructions  aust  be  folio  tad  for 
this  high  technology  system. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

The  MHD  potar  Crain  system  shall  be  designed  for  startup  froa  the  following 
plant  conditions: 

1.  Cold  standby 

2.  Wara  standby 

3.  Hot  standby 

Startup  sequence  and  procedures  from  colu  standby  to  normal  plant  operation, 
progress  through  and  encompass  the  plant  conditions  identified  for  the  warm, 
hot  standby  and  hold  conditions.  The  startup  sequence  of  the  MHD  powsr  train 
system  froa  the  cold  standby  condition  to  normal  operation  will  take  place  in 
three  phases: 
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1 . Prshsat 

2.  Transition  to  coal  firing  at  ainiam  stsbla  poaar  laval 

3.  Raaping  to  part/full  load  ataady  stata  noraal  oparation. 

Tha  folloving  plant  conditions  ara  assuaad  at  tha  initiations  of  startup: 

1.  Magnet  da~anargisad  in  superconducting  state  (4.5  K) 

2.  Air  separation  unit  in  cold  standby  condition.  Liquid  oxygen  storage 
tanks  full 

3.  Bottoming  cycle  at  cold  standby  conditions 

4.  Auxiliary  staaa  systaa  operating 

5.  All  facility  systeas  in  operational  status  per  plant  startup  sequence 

6.  Coolant  water  circulating  through  the  plant  (including  the  power  train 
systen) 

7.  Halls  of  the  power  train  systea  components  are  slag  coated  froa 
previous  operation 

8.  Oil-fired  vitiated  air  preheater  in  operational  readiness. 


Preheat 


1.  Using  the  motor  driven  oxidant  compressor,  the  power  train  system  and 
HR/SR  is  purged  with  cold  airflow  at  102  of  rated  flow. 

2.  Operation  of  the  vitiation  oxidant  preheater  is  initiated,  with 
continuing  air  flow  through  the  power  train  system.  The  firing  rate 
and  diluent  air  flow  to  the  preheater  is  adjusted  to  the  designated 
preheat  temperature,  determined  by  the  allowable  limits  of  the  HR/SR 
components  such  as  the  heating  rate  of  the  steam  drum  and  temperature 
limits  on  the  oxidant  heater  and  the  superheater/reheater. 

3.  Preheat  rate  increases  to  lOZ  of  rated  plant  heat  input  until  steam  is 
being  generated  and  the  steam  turbine  is  rolling  and  synchronised.  The 
firing  rate  of  the  vitiation  oxidant  preheater  is  reduced  as  the 
intermediate  temperature  oxidant  heater  brings  the  oxidant  temperature 
to  the  design  value.  The  oxidant  enrichment  is  adjusted  during  this 
time  to  maintain  the  desired  oxygen  levels  at  the  outlet  of  the 
preheater. 
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Transition  to  Cosl  Firing 

1.  Coal  firing  may  be  initiated  then  steam  conditions  are  established  in 
the  HR/SR  for  startup  and  operation  of  a steam  driven  air  compressor, 
and  the  following  systems  are  in  operational  standby  condition: 

Coal  management  system 
Seed  managesient  system 
Slag  rejection  equipment 
Air  separation  unit 

2.  Air  flow  to  the  combustor  is  increased  gradually  to  25Z  of  the  design 
flow  while  (saintaining  preheat  temperature.  The  preheater  firing  rate 
is  increased  to  raise  the  discharge  preheat  temperature  to  1500°  F 
(or  as  required  by  the  c(»bustor  designer  for  coal  startup).  Coolant 
water  circulation  is  initiated  to  the  slag  rejection  quench  tanks. 
Oxygen  is  added  to  the  air  and  is  adjusted  to  the  level  required  for 
initial  startup. 

3.  Coal  injection  is  initiated  in  the  combustor.  Ignition  is  verified  and 
combustion  temperatures  are  monitored  until  stable  combustion  and 
required  preheat  of  ccssbustor  walls  is  established.  Operation  of  the 
vitiated  air  preheater  continues  until  design  oxidant  temperature  and 
oxygen  concentration  is  available  from  the  oxidant  supply  system. 

4.  The  firing  rate  is  adjusted  to  establish  the  second  stage  exhaust  gas 
temperature  to  that  required  for  seed  vaporisation.  Seed  injection  is 
initiated  and  adjusted  to  the  level  required  for  the  coal  flow  rate. 
Conductivity  of  the  plasma  is  verified. 

Ramping  to  Normal  Operation 

The  magnet  is  energized  and  inverter  system  is  placed  into  operation.  All 
operational  conditions  are  monitored.  When  the  design  magnetic  field  level  is 
established  and  system  is  operating  steady  state  at  23Z,  the  combustor  firing 
and  seed  injection  rates  are  increased  per  the  plant  startup  schedule  to  the 
required  operational  level. 

After  startup,  the  MHD  power  train  system  will  be  operated  in  an  automated 
mode.  Its  operation  will  be  controlled  and  will  be  sequenced  to  the  overall 
ETF  established  operational  requirements  and  procedures. 

4.2  NORMAL  OPERATION 

The  normal  load  range  of  the  MHD  Power  Train  System  is  categorized  as  baseload 
with  very  little  part  load  operation  below  75  percent.  The  system  operates  in 
a fully  automated  mode  and  is  capable  of  operating  satisfactorily  in  event  of 
load  change,  ’hiring  normal  operation  the  system  is  controlled  and  oionitored 
from  the  plant  control  room. 
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4.3  SHUTDOWN 

In  a nonul  control  lad  thutdown  tha  conbuator  firing  dwand  and  output  pouar 
will  be  reducad  at  a rate  conaiatent  with  the  shutdown  requireaMnta  established 
for  the  BTF.  During  the  shutdown  procedure,  systen  operational  parameters  are 
closely  monitored.  Water  coolant  is  continuously  circulated  through  the 
components. 

At  conclusion  of  power  production,  and/or  at  the  limit  of  stable  combustor 
operation  fuel  input  is  terminated,  and  oxygen  enrichment  is  terminated  in 
Chat  order.  The  system  is  purged  with  aii  to  remove  unburncd  gaseous  fuel. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

No  special  or  infrequent  operational  modes  have  been  identified. 

5.0  MAINTENANCE 

The  system  is  designed  to  accomodate  in-place  inspection,  suiintenance,  repair 
and  parts  replacement  without  removal  of  major  components  to  the  greatest 
possible  extent,  commensurate  with  the  complexity  and  packaging  restraints  of 
the  installation.  Although  convenient  access  is  provided  to  the  combustor  and 
diffuser,  limited  access  is  available  to  those  parts  within  the  warm  bore 
because  of  its  small  sise  and  the  space  needed  for  the  large  number  of  pipes 
and  cables  which  connect  the  channel  to  the  other  elements  of  the  plant. 

Maintenance  documentation  is  provided  for  each  subsystem  and  its  components. 

The  documentation  contains  reconsended  maintenance  schedules,  lists  of  recom- 
mended spare  parts,  detailed  maintenance,  replacement  and  check-out  procedures, 
pictorial  illustrations,  a listing  of  special  tools,  handling  requirements  and 
personnel  safety  requirements  for  each  operation.  These  instructions  also 
indicate  the  requirements  imposed  upon  each  operation  by  other  components, 
subsystems  or  systems. 

The  documentation  is  coordinated  with  mean-time  to  failure  and  mean-time  to 
repair  data,  and  manhours  required  for  each  procedure  to  assist  plant  manage- 
ment in  planning  for  specific  operations  during  scheduled  end  unscheduled 
plant  outages. 

3.1  SURVEILIJINCE  AND  PERFORMANCE  MONITORING  SYSTEM 

A computer  system  monitors  significant  data  points  in  the  MHD  Power  Train 
System  in  parallel  %Ath  the  automatic  controls.  This  will  alert  plant 
operating  personnel  to  any  off-design  performance  or  operation.  Periodic 
calibration  and  maintenance  trill  be  carried  out  on  all  analog  and  digital 
instrumentation  to  verify  computer  readout. 
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5.2  IH-SERVICE/IN-SITU  IHSPBCTIONS 

All  conponsnti  piping,  valvni,  control*  gauges,  etc.,  will  be  inspected  on  a 
scheduled  basis  to  ascertain  that  the  equipment  is  not  dsauiged  and  is  func~ 
tioning  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Computerised  record  keeping  will  be  maintained  to  inform  the  operators  that 
certain  components  and  component  parts  require  periodic  overhaul,  replacement, 
adjustment,  etc.,  in  accordance  with  the  recooMndstions  of  the  component  manu- 
facturer. In  general,  the  preventative  maintenance  will  be  conducted  during 
planned  shutdowns.  Parts  will  be  replaced  at  these  times  if  they  are  near  the 
end  of  their  recMmended  operational  life  cycle. 

3.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturers*  Instructions 

A design  and  operation  manual  for  the  system  and  specific  component  manuals 
will  be  available  at  the  plant  for  maintenance  and  overhaul  of  any  piece  of 
equipsient.  If  necessary,  a representative  of  the  manufacturer  shall  be  present 
to  supervise  the  overhaul  or  replacement  of  plant  equipsient. 

5.4.2  Spare  Parts  Inventory 

An  inventory  of  spare  parts  shall  be  maintained.  The  inventory  shall  be  bast'd 
upon  criticality,  expected  life  of  the  parts,  and  the  titse  to  acquire  spare 
parts  from  suppliers. 
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Table  #1 

MHD  POWER  TRAIN  SYSTBM/FACILITY  SYSTEMS  IHTERFACE 


MHD  Subsystm 

Codbustor 

Subsysten 


Codbustor 

Subsystem 


Combustor 

Subsystem 


Combustor 

Subsystem 


Combustor 
Sut  system 


MHO  Generator 
Subsystem 


Fscility  Systems  Function  of  Facility  Systems 


Coal  Management 
System 


Heat  & Seed 
Recovery  Systems 


Seed  Management 
System 


Slag  Management 
System 


Boiler  Fecduster 
System 


Provides  inerted,  dried  and  sised  coal 
to  the  combustor  subsystem  inlet  at  a 
regulated  pressure  and  mass  flow  rate 
for  the  required  operating  power  level 
and  equivalence  ratio.  (Includes  flow 
isolation  valves  and  pressure  and  flow 
regulating  equipment.) 

Provides  oxidant  to  specifications  to 
the  combustor  subsystem  inlet  at  a regu<> 
lated  pressure,  temperature  and  stass 
flow  rate  for  the  operating  power  level 
and  equivalence  ratio.  (Includes  isola- 
tion valves  and  pressure,  tempersture 
and  flow  regulating  equipment.) 

Provides  potassium  seed  per  specifica- 
tions to  the  combustor  subsystem  at  a 
regulated  pressure  and  mass  flow  for 
the  required  power  level.  (Includes 
flow  isolation  valves  and  pressure  and 
flow  regulating  equipment.) 

Accepts  processed  (quenched  and  crushed) 
slag  from  the  combustor  subsystem  for 
disposal  and/or  further  processing. 

Provides  coolant  water  to  combustor 
subsystem  per  specifications  at  regu- 
lated pressure,  temperature  and  mass 
flow  rate  for  required  power  level. 
(Includes  flow  isolation  valves  and 
pressure,  temperature  and  flow  regula- 
ting equipment.) 


Condensate  System  Provides  coolant  water  to  channel  per 

specifications  at  regulated  pressure, 
temperature  and  mass  flow  rates  for 
required  power  level.  (Includes  flow 
isolation  valves  and  pressure,  tempera- 
ture and  flow  regulating  equipment.) 
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Tablt  #1  (continuttd) 


MHD  Subsystsm 

HHD  Generator 
Subtyetem 


Inverter 

Subsystem 


Inverter 

Subsystem 


Control 

Subsystem 


Facility  Systems  Function  of  Facility  Systems 

Magnet  System  Provides  operational  magnetic  field 

profile  and  6 Tesla  magnetic  field 
strength  to  MHD  generator  requirements. 
Provides  a mounting  platform  for  the 
MHD  channel  vithin  the  aerm  bore. 


Coolant  Supply  Provides  coolant  (liquid  or  air)  to 

SystesM  required  components  at  regulated 

pressure,  tmperature  and  mass  flov 
rate  for  required  pouer  level. 
(Includes  required  flov  isolation 
valves  and  pressure,  temperature  and 
flow  regulating  equipment.) 

Plant  Switchyard  Transmits  regulated  AC  electric  power 

from  the  inverter  subsystem  to  the 
utility  pover  grid. 


Facility  Control  Integrates  the  output  from  MHD  control 

System  subsystem  with  regulated  overall  power 

plant  operational  control  and  protec- 
tion. 
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COMBUSTOR  SUBSYSTEM  OPERATING  PARAMETERS 


A.  Thermal  input  531.9  MW^ 

B.  Fuel  Coal,  Montana  Rosebud,  5Z  moisture  as  fired 


1.  Flo%nrate 

2.  Inlet  pressure 

3.  Inlet  temperature 


165,622  #lAir 
71  psia  (nominal) 
1500  F 


C.  Oxidant 


1.  Flowrate 

2.  Inlet  pressure 

3.  Inlet  temperature 


Air  enriched  with  oxygen  to  a total  of  30Z 
by  volume 

867,852  #/hr 
71  psia  nominal 
llOOO  F 


D.  Seed 


Potassium,  IZ  nominal  of  channel  flow 


1. 

Flowrate 

21,230  #/hr 

2. 

Inlet  pressure 

71  psia  nominal 

3. 

Inlet  temperature 

150°  F 

E.  Slag  Rejection 

65Z 

1. 

Flowrate 

11,523  #/hr 

F.  Nozzle  Outlet 

1. 

Stagnation  temperature 

4380  F (nominal) 

2. 

Static  temperature 

4140°  F (nominal) 

3. 

Stagnation  pressure 

58  psia  (nominal) 

4. 

Static  pressure 

37  psia  (nominal) 

5. 

Mach  number 

0.9 

6. 

Plasma  velocity 

2650  ft/sec  (nominal) 

G.  Operating  Life 

1.  Combustor  8000  hours 

2.  Slag  rejection  equipment  31  years 

H.  Heat  Loss  25  MW^  (nominal) 

(combustor  plus  nozzle) 


I.  Coolant 


Treated  high  pressure  boiler  feed  water 


1.  Flowrate 

2.  Inlet  temperature 

3.  Outlet  temperature 

4.  Inlet  pressure 


1,070,992  Ib/hr 
530°  F (to  combustor) 

592°  F (outlet  from  nozzle) 
2100  psia  (nominal) 
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ETF  COAL  PROPERTIES 


COAL 

RANK: 

Subbituminous 

Proximate  Aualysia: 
Moisture 
Volatile  Matter 
Fixed  Carbon 
Ash 

Weight 
Percent 
as  Received 
22.7 
29.4 
39.2 
8.7 
100.0 

Weight* 

Weight 

Weight 

Percent 

Percent 

Percent 

as  Received 

as  Fired 

Dry 

Ultimate  Analysis: 

(base) 

(derived) 

(derived) 

Carbon 

52.13 

64.0666 

67.4385 

Hydrogen 

3.46 

4.2523 

4.4761 

Oxygen 

11.36 

13.9612 

14.6960 

Nitrogen 

0.79 

0.9709 

1.0220 

Sulfur 

0.85 

1.0446 

1.0996 

Ash 

8.71 

10.7044 

11.2678 

Moisture 

22.70 

5.0000 

0. 

100.00 

100.0000 

100.0000 

Higher  Heating  Value, 

Btu/lb  8,920 

10,962.5 

11,539.5 

Weight 

Ash  Analysis;  Percent 

Si02  38.68 

A1203  17.80 

Fe203  5.25 

Ti02  0.72 

P205  0.41 

CaO  11.32 

MgO  4.12 

Na20  3.19 

K20  0.51 

S03  18.00 

100.00 


2,190  ♦ 230 
2,230  ♦ 240 
2,280  ♦ 240 


I 

\ 


Initial  Deformation  Temperature 
Softening  Temperature, 

Fluid  Temperature,  °F 


OF 
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Table  #4 

MHO  GENERATOR  DESIGN  AND  OPERATING  PARAMETERS 

A. 

Channel 

Inlet 

1. 

Stagnation  temperature 

4380<>  F (nominal 

2. 

Static  temperature 

4140°  F (nominal) 

3. 

Stagnation  pressure 

58  psia  (nominal) 

4. 

Static  pressure 

37  psia  (nominal) 

5. 

Mach  number 

0.9 

6. 

Plesma  velocity 

2d50  ft/aec  (nominal) 

7. 

Mass  flow 

1,048,569  #/hr 

8. 

Heat  rejection  from  MHD  Channel 

23  MW^  (nominal) 

B. 

Channel 

Outlet/Diffuser  Inlet 

1. 

Stagnation  pressure 

14.0  psia  (nominal) 

2. 

Static  pressure 

9.0  psia  (nominal) 

3. 

Mach  number 

0.88 

4. 

Velocity 

2440  ft/aec  (nominal) 

5. 

Stagnation  temperature 

3760°  F (nominal) 

6. 

Static  temperature 

3500°  F (nominal) 

C. 

Channel 

active  length 

40.0  ft  (nominal) 

D. 

Channel 

overall  length,  flange  to  flange 

50.0  ft  (nominal) 

E. 

Channel 

cross  section 

square 

entrance  - 2.04  ft 
exit  - 4.66  ft 

F. 

Channel 

operational  life,  minimum 

2000  hours 

G. 

Magnetic 

field,  peak 

6 Tesla 

H. 

Diffuser 

outlet 

1. 

Flowrate 

1,048,569  #/hr 

2. 

Pressure 

13.0  psia 

3. 

Temperature 

3300°  F (nominal) 

I. 

Diffuser 

pressure  recovery  coefficient 

0.46 

J. 

Diffuser  operational  Kfe 

30  years 

K. 

Heat  rejected  from  diffuser  wells 
and  transition  section 

26  MW(  (nominal) 

L. 

Diffuser 

length 

40  ft  (nominal) 

H. 

Gas  dynamic  cross-section 

inlet 

22  ft^  nominal 

outlet 

64  ft^  nominal 
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Table  5 

CEHERATOR  POWER  TAKEOFF  CABLING  AND  HARMKS8  ORGANIZATION 


Cable 

Bundle 

Electrode 

Assemblies 

Served 

* 

Warm 

Bore 

Exit 

End 

Number  and 
Gage  of 
Anode  Cables 

Number  and 
Gage  of 

Cathode  Cables 

Number  of 
Receptacle 
Pins 

1 

1 - 8 

c 

32  - # 14 

8 - # • 

40 

2 

9-16 

c 

32  - # 14 

8 - # 6 

40 

3 

17  - 24 

c 

32  - # 14 

8 - # 6 

40 

4 

25  - 32 

c 

32  - # 14 

8 - # 6 

40 

5 

33  - 40 

c 

32  - # 12 

8 - # 4 

40 

6 

a 

41  - 48 

c 

32  - # 12 

8 - # 4 

40 

• 

24 

185  - 192 

c 

32  - # 12 

8 - # 4 

40 

25 

193  - 230 

d 

32  - # 12 

8 - # 4 

40 

26 

• 

201  - 208 

d 

32  - # 12 

8 - # 4 

40 

• 

44 

313  - 320 

d 

32  - # 12 

8 - # 4 

40 

45 

321  - 328 

d 

16  - # 10 

8 - # 6 

24 

46 

• 

329  - 336 

d 

16  - # 10 

8 - # 6 

24 

• 

58 

457  - 464 

d 

16  - # 10 

8 - # 6 

24 

59 

465  - 472 

d 

16  - # 12 

8 - # 8 

24 

60 

• 

473  - 480 

d 

16  - # 12 

8 - # 8 

24 

• 

88 

697  - 704 

d 

16  - # 12 

8 - # 8 

24 

*Key; 

c ■ combustor 

d 

■ diffuser 
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CHANNEL  ACTIVE  LENGTH, METERS 

Figure  No.  2a-MH0  Channel  Operating  Parameters 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
MHD  POWER  TRAIN 
APPENDIX  "A** 
REFERENCE  DOCUMENTS 


REFERENCE  DOCUMENTS  ~ ATTACHED 
System  Drawings 
Drawing  Index 

MHD  Power  Train  System  Assembly 

MHD  Power  Train  System  Facility  and  Support  Structures 
Plan  and  Elevation 
MHD  Combustor  Plan  and  Elevation 

MHO  Channel  Support  Structure  Assembly  Plan  and  Elevation 
MHD  Channel  Support  Structure  Plan  and  Elevation 
MHD  Diffuser  Plan  and  Elevation 
MHO  Diffuser  Cross  Section 

MHD  Diffuser  and  Transition  Section  Support  Structure 
Plan  and  Elevation 

MHD  Control  Subsystem  and  Interface  Block  Diagram 
Consolidation  Network  Connection  Diagram 
Consolidation  Network  Detail  - 5 Stage  Anode  Consolidation 
Consolidation  Network  Detail  - 3 Stage  Cathode  Consolidation 
Consolidation  Network  Detail  - Make  Up  Current  Distribution 

REFERENCE  DOCUMENTS  - NOT  ATTACHED 


System  Design  Description 

Oxidant  Supply  System 
Magnet  System 
Inverter  System 

Plant  Heat  and  Flow  Balance  Diagram 

System  Heat  Balance  8270-1-540-314-001 

Reports 

Engineering  Test  Facility 

Conceptual  Design,  Final 

Report,  FE-2614-2,  Prepared 

by  AVCO  Everett  Research  Laboratory,  Inc. 


SDD-1100 

SDD-1101 

SDD-1102 

SDD-1200 

SDD-1300 

SDD-1301 

SDD-1400 

SDD-1401 

SDD-1402 

SDD-1500 

SDD-1501 

SDD-1502 

SDD-1503 

SDD-1504 


SDD-501 

SDD-503 

SDD-505 
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The  conceptual  design  of  the  Engineering  Test  Facility  (ETF)  is  being 
defined^  and  managed  by  NASA  Lewis  Research  Center  for  the  Department 
of  Energy  (DOE).  Toward  this  goal,  an  effort  has  been  directed  to 
identify  the  preliminary  design  of  a 540  MW  thermal  input,  ETF-size 
channel  through  the  optimization  of  the  performance  of  the  entire  l*WD 
system. 

Previous  studies2i3  have  considered  the  optimization  of  power  plant 
performance  in  terms  of  the  MHO  power  (Pmhd)  or  the  net  power 
(^NET  ~ P|“W0  “ PcPR)*  where  Pqpr  denotes  the  MHD  cycle  compressor 
power  consumption).  These  analyses,  which  utilized  a modified  chemical 
equilibrium  program^  and  a quasi-one-dimensional  channel  code2, 
yielded  results  which  applied  strictly  only  to  power  plants  in  which  the 
MHD  generator  is  cooled  with  high  temperature  boiler  feedwater.  These 
analyses  have  been  extended  to  the  case  where  low  terr^erature  boiler 
feedwater  is  used  to  cool  the  MHD  generator.  In  addition  to  the  normal 
constraints  considered  for  channel  optimization,  wo  have  found  that  the 
variation  of  channel  heat  loss  with  channel  length  and  the  effects  of 
this  heat  loss  on  the  thermodynamic  efficiency  of  the  steam  bottoming 
plant  are  important  in  establishing  the  optimum  generator  length. 

In  this  appendix,  the  procedures  and  computations  used  to  identify 
the  optimum  MHD  channel  for  a 540  MWj  £TF-scale  plant  are  presented. 

Our  results  show  that  the  best  plant  performance  is  obtained  for  a 
channel  length  of  -12  m.  In  the  initial  ETF  studies5,6  the  channel 
length  was  16  m.  This  reduction  in  channel  length  could  result  in 
considerable  savings  in  both  the  channel  and  magnet  costs.  In  addition 
to  the  identification  of  the  optimum  channel  parameters,  possible 
Irade-offs  between  the  level  of  oxygen  enrichment  and  the  electrical 
stress  on  the  channel  are  also  discussed  in  this  appendix. 

Assumed  Inlet  Conditions 


The  conditions  used  in  these  calculations  are  consistent  with  those 
designated  for  the  ETF^.  The  plant  is  sited  in  Montana  (elevation  = 

3300  ft.,  ambient  pressure  = 0.89  atm,  and  mean  ambient  temperature  = 
420p).  The  fuel  is  Montana  Rosebud  coal  dried  to  5%  moisture  and  the 
oxidant  is  oxygen-enriched  air  preheated  to  llOOOp.  Two  levels  of 
oxygen  enrichment,  30  and  35X  oxygen  by  volume,  were  considered.  The 
combustion  gas  conditions  are  computed  for  an  oxygen  stoichiometric  ratio 
of  0.9,  with  a combustor-nozzle  heat  loss  of  55t  of  the  total  thermal 
input  (the  coal  higher  heating  value).  The  seed  is  injected  as  K2CO3 
with  the  potassium  being  IX  of  the  total  mass  flow  rate. 
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Optimization  Procedure 

The  power  plant  performance  is  maximized  with  respect  to  the 
parameters  Bhax,  Ma.  L,  per  cent  O2  enrichment,  Pq,  and  Kmin,  as 
well  as  the  axial  profiles  of  B and  K and  the  channel  design 
constraints.  The  channel  design  constraints*^  and  the  limiting  values 
used  for  much  of  the  study  are: 

1.  axial  electric  field.  E*  < Ex  MAX  “ 2.5  kV/m 

2.  transverse  electrical  fi^d,  f y < Ey^MAX  * 4.0  kV/m 

3.  transverse  current  density.  Jy  < jJImAX  * ^0  kA/n»2 

4.  Hall  parameter.  3 £ Bmax  *4 

This  choice  of  limiting  values  approximately  represents  the  current 
technology  status^«8  of  channel  hardware  based  on  limited  endurance 
tests.  The  electrical  stresses  resulting  from  too  high  a value  of  Ex. 
Ey.  or  Jy  can  cause  interelectrode  and/or  sidewall  breakdown.  If  6 
is  too  high,  non-uniformities  and  current  leakage  paths  within  the  MHO 
channel  can  be  amplified  and  the  generator  performance  will  be  degraded. 
In  the  analysis,  the  design  constraint  limits  are  maintained  by  varying 
the  B-field  and  load  parameter  axial  profiles2  along  the  channel.  The 
channel  is  operated  in  the  Faraday  mode  at  nearly  constant  Mach  number. 

To  obtain  the  channel  design  conditions  for  a prescribed  channel 
length  and  an  assumed  diffuser  pressure  recovery  coefficient  (0.46), 
several  iterations  are  required  to  meet  the  prescribed  diffuser  exit 
pressure.  For  a range  of  combustor  pressures, Pr.  the  correct  exit 
condition  is  obtained  by  adjusting  the  minimum  load  parameter  (Kmin)* 

For  each  Pq  and  Kmin  combination  the  channel  calculations  give  the 
performance  parameters  required  for  the  overall  plant  calculation;  i.e., 
the  total  MHO  power  and  the  total  channel  heat  loss  (Qmho)* 
calculated  are  the  axial  profiles  of  the  plasma  conditions  and  the 
channel  loft.  By  assuming  a polytropic  efficiency  (0.898)  and  pressure 
drop  fraction  (0.1).  the  cycle  con^ressor  power  consumption  is 
calculated.  Using  the  specific  power  of  the  air  separation  unit  (204 
KWh/equi valent  ton  of  pure  oxygen),  the  ASU  con^iressor  power  is  also 
computed  for  the  level  of  oxygen  enrichment  under  consideration. 

Finally,  the  bottoming  steam  cycle  efficiency  (^5)  and  the  overall 
thermodynamic  plant  efficiency  (nf^)  are  obtained.  The  combustor 
pressure  which  gives  the  maximum  plant  efficiency  is  then  selected.  The 
value  of  QmhO  * direct  effect  on  the  value  of  ns  because  the 
channel  is  assumed  to  be  cooled  with  low  temperature  boiler  feedwater 
(<  300®F).  Using  such  low  temperature  feedwater  for  cooling  the 
channel  requires  the  elimination  of  some  low  temperature  regenerative 
feedwater  heaters  which  could  otherwise  be  used,  and  the  result  is  that 
ns  decreases  with  increasing  Qmho* 
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Results 


Hundreds  of  calculations  were  performed  to  cover  a wide  variation  of 
the  parameters  considered  in  order  to  identify  the  channel  that  will 
result  in  the  best  niH*  These  calculations  were  organized  into  two 
sets.  In  the  first  set,  the  axial  profile  of  the  magnetic  field  and  load 
parameter  were  adjusted  to  keep  the  electrical  field,  current,  and  Hall 
parameter  constraints  within  limits  without  concern  for  magnet 
constructability.  From  these  calculations  an  optimum  B-field  profile  was 
selected  and  a preliminary  magnet  design  approximating  this  profile  was 
obtained  from  the  Francis  Bitter  National  Magnet  Laboi^atory^,  A second 
set  of  calculations  was  then  performed  with  the  B-field  profile  fixed  at 
the  designed  profile.  The  results  are  summarized  in  two  sets  of  data: 
thirteen  "computer  generated  3"  cases  and  eighteen  "National  Laboratory 
B"  cases,  respectively. 

Computer  Generated-B  Cases;  Tables  1 to  3 

To  illustrate  the  optimization  for  case  1 refer  to  Table  1 where  data 
for  subcases  1-1  thru  1-5  are  tabulated  for  a common  L = 10  m and  30X 
O2  enrichment.  The  combination  of  Pq  and  Kmin  ^^as  been  iterated 
and  the  values  satisfying  the  prescribed  diffuser  exit  pressure  are  shown 
in  Figure  1.  Sub-case  1-1  indicates  the  highest  thermodynamic  cycle 
efficiency  in  the  set  and  is  optimal.  In  Figure  1 the  highest 
(41.23X)  occurs  at  Pc  * 4.2  atm.  For  the  10  M channel  Pc  cannot  be 
increased  beyond  4.2  atm  without  causing  a lowering  of  K|u|]|^  below 
0.677  and  this  in  turn  will  cause  max  To  1^6  exceeded.  Typical 
axial  p»"ofiles  of  B,  E^,  Ey,  Jy,  K,  §,  and  P|i/^d  are  plotted  in 
Figure  2.  All  the  remaining  cases  in  Tables  1 to  3 represent  optimum 
cases  arrived  at  in  the  manner  illustrated  for  Case  1. 

Comparing  cases  1 to  3 for  L » 10,  12,  and  15  m with  30X  0? 
enrichment,  the  12  M channel  is  found  to  have  the  highest  Hjh  (41.37X), 
while  for  35X  O2  enrichment  (cases  4 to  6)  the  highest  njH  (41.44X) 
is  found  for  the  10  m channel.  The  variations  of  njn  with  channel 
length  arr  presented  in  Figure  3 for  the  two  levels  of  oxygen  enrichment. 

The  dependence  of  njH  on  Bmax  sod  Ma  is  shown  in  Figure  4.  At 
Bmax  =■  6 Tesla,  the  optimum  performance  is  obtained  at  a Mach  number  of 
0.9.  Lowering  Bmax  lowers  the  overall  plant  efficiency  and  shifts  the 
optimum  Mach  number  to  supersonic  values.  These  results,  also 
illustrated  in  Tables  2 and  3,  indicate  that  the  final  selection  of  the 
optimum  configurations  may  depend  upon  a tradeoff  study  between  magnet 
cost  and  system  efficiency.  Another  factor  which  might  result  in  better 
performance  for  low  B-fields  is  a change  in  channel  length,  which  was 
held  constant  in  this  portion  of  the  study. 
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National  Magnet  Laboratory-B  Cases:  Table  4 

The  previous  cases  provided  magnetic  field  profiles  designed  from  the 
channel  performance  point  of  view.  Together  with  the  channel  loft  they 
provided  the  basic  requirements  for  a detailed  magnet  design.  These 
detailed  designs  were  supplied  by  the  National  Magnet  Laboratory?.  The 
B-field  profiles  supplied  are  shown  in  Figure  5 for  active  lengths  of  10, 
12,  and  15  m.  The  power  plant  performance  was  then  maximized  using  these 
National  Magnet  Laboratory-B  profiles  and  oxygen  enrichment  levels  of  30% 
(cases  14  to  22)  and  35X  (cases  23  to  31)  by  volume.  The  results  are 
given  in  Table  4.  The  decrease  in  nxH  compared  to  the  previous 
conqsuter  designed-B  cases  is  within  0.32-0.85  of  a point. 

The  effect  of  variations  in  Ex,max  Of*  ’TTH  also  investigated 
and  the  results  are  shown  in  Figures  6 and  / for  301  and  351  0? 
enrichment,  respectively.  From  the  design  point  of  view,  the  351  O2 
enrichment  channel  is  preferable  to  the  301  O2  enrichment  channel 
because  the  optimum  performance  Is  obtained  at  lower  values  of  majc* 
Furthermore,  the  Hall  electrical  field  does  not  reach  the  critical  value 
until  much  later  in  the  channel  for  the  higher  enrichment  case,  as  shown 
in  Figure  8.  This  means  reduced  stress  levels  for  the  channel.  However, 
a larger  ASU  is  required  for  the  higher  enrichment  case. 

Concluding  Remarks 

The  initial  design  parameters  (B-field,  Combustor  Pressure,  Length, 
Load  Parameter,  Mach  Number,  and  Oxygen  Enrichment)  of  the  540  MW7  ETF 
(200  MWg)  channel  have  been  adjusted  to  obtain  the  maximum  plant 
efficiency.  The  results  are: 

1.  In  the  oxidant  enrichment  range  of  30-351,  the  conditions  of 

Bmax  = 6 Tesla,  M^  = 0.9  and  L = 12  m yield  an  overall  plant 
efficiency,  nth  * 411,  which  is  the  highest  of  all  cases  surveyed. 

2.  Repeating  the  optimization  procedure  for  channels  using  the 
National  Magnet  Laboratory-B  profiles  has  shown  little  change  in 
from  the  original  computer  generated-B  channels.  However,  additional 
work  is  i"equired  to  study  the  effect  of  the  magnetic  field  on  the 
transition  sections  at  both  ends  of  the  channel. 

3.  A lower  Bmax  results  in  a higher  M^  for  optimum  performance, 
but  results  in  lower  07^  for  the  same  channel  length. 
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4.  Higher  oxygen  enrichment  results  in  a shorter  channel  and  a lower 
Ex  MAX*  but  requires  a larger  air  separation  plant.  Consequently,  the 
selection  of  the  oxygen  enrichment  level  still  depends  upon  further  study 
of  the  air  separation  plant,  especially  on  the  economy  of  size. 

5.  When  the  effects  on  the  bottom  cycle  efficiency  of  cooling  the 
channel  with  low  temperature  feedwater  is  taken  into  account,  optimum 
performance  is  obtained  at  significantly  shorter  channel  lengths  than 
were  previously  thought  necessary. 
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Nomenclature; 

B Magnetic  field,  tesla 

E Electric  field,  kV/m 

J Electrical  current  density,  kA/m2 

K Faraday  load  parameter  or  factor 

L Channel  length,  m 

Ma  Mach  number 

O2  Oxygen  enrichment,  % by  volume 

P Pressure,  atm 

P Electrical  power,  MW 

u Velocity,  km/S 

Q Heat  loss  in  the  channel,  MW 

B Hall  Parameter 

n Thermodynamic  cycle  efficiency 


Subscript: 

ASU  Air  Separation  Unit 

C Combustor 

CPR  MHO  cycle  compressor 

MAX  Maximum;  critical 

MIN  Mininum 

NET  Net 

S Steam  Bottoming  Cycle 

TH  Overall  Cycle  of  MHD/Steam  Plant 

X Axial 

y ‘Transverse 
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Figure  1.  - Plan^  Efficiency  vs.  Channel  Inlet  Stagnation 
Pressure  and  Minimum  Load  Parameter  for  a 10- 
Meter  (M)  Channel. 
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Figure  2.-  Typical  Axial  Variations  of  8,  K,  E*,  E/, 
Jr.  ^ and  P^HD^f  the  10-Meter  (M)  Channel 
(The  Optimum  Design  Case  1-1:  02*  30%, 

Ma  ■ 0.9,  Pc  ■ 4.?  atm). 
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Figure  4,  - Plant  Efficiency  Optimization  for  Bmax  • 4,  5, 
and  6 Tesla  (T)  at  a Range  of  Channel  Mach 
No.  Under  Common  Constraints. 
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Figure  5.-  National  Magnet  Laboratory  Axial  Profiles  of 
B-Field. 
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Figure  6.-  National  Magnet  Laboratory-B  Cases  for  30%-0» 
and  Na  ■ 0.9. 
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Figure  8.-  Axial  Development  of  Hall  Electric  Field 
Ex  and  Loading  K (for  National  tiagnet 
Laboratory  -B,  0,  ■ 30,  35X,  and  L ■ 12M) 


18 


GAI  Ref.  No.  100-141-201 
Eniineering  Study  201(1) 


APPENDIX  C 
FOR 

SDD-502 

MHD  POWER  TRAIN  SYSTEM 


HAGMETORYDRODYNAMICS 
RTF  ENGINEERING  SUPPORT  ACTIVITHS 
ENGINEERING  STUDIES 
SUBTASK  WORK  ORDER  201(1) 


THE  EFFECT  OF  A SHORTENED 
ETF  CHANNEL  ON  PLANT  EFFICIENCY 


PREPARED  FOR: 

MHD  PROJECT  OFFICE 
NASA  LEVIS  RESEARCH  CENTER 
CONTRACT  NO.  DEM  3-224 


PREPARED  BY: 

GILBERT  ASSOCIATES,  INC. 
P.O.  BOX  1498 
READING,  PA  19603 


DECEMBER  1980 


EngiiMcring  Study  201(1) 
Paga  1 of  3 


TITLE;  The  Effect  of  a Shortened  ETF  Channel  on  Plant  Efficiency 
SCOPE; 

An  analytical  evaluation  waa  nade  of  the  effect  of  ^^hortening  the  effective 
MED  channel  length  on  net  power  plant  efficiency.  Thia  atudy  uaed  the  aaaM 
theraal  properties  and  coa^onent  arrangeaent  aa  the  current  DRD  (Reference  1). 

FINDINGS; 

Shortening  the  effective  length  of  the  ETF  channel  froa  16  to  10  aeters  causes 
only  nodes t penalties  in  net  power  plant  efficiency.  The  reduction  in  output 
power  froa  the  shorter  channel  is  offset  by  the  reduction  in  coapressor  power 
requirenent,  and  by  the  partial  recovery  in  the  steaa  bottoaing  cycle  of  the 
energy  not  extracted  by  the  channel.  These  separate  effecta  coabine  to  liait 
net  efficiency  losaes  to  only  0.29  percentage  points. 

RECOMMENDATIONS; 

Further  study  is  required  before  a final  decision  is  nade  to  reduce  MHD 
channel  length.  Although  efficiency  calculations  indicate  that  the  channel 
length  can  be  reduced  without  a significant  loss  in  systen  perforaance,  an 
evaluation  of  reduced  channel  electrical  stresses,  through  a reduction  in 
aegnetic  field  strength  and/or  supersonic  flow  velocities,  on  channel  lifetime 
and  reliability  auat  be  performed.  The  benefits  of  operating  in  a supersonic 
aode  to  eliminate  channel/diffuser  pressure  pulse  interaction  with  the 
combustor  should  be  studied.  Finally,  a complete  economic  evaluation  must  be 
performed  on  the  coapressor,  combustor,  channel,  magnet  train  for  all  cases. 
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PROClDgRE; 

GAl  oaolyticolly  ovaluottd  tho  porfocMUCo  of  HHD  cluimolt  of  voryint  length 
ueing  GAl'e  quati-one-diaeaiioiMl  computer  code  PROMETHEUS . Net  power  plant 
performance  waa  then  eatimated  in  detailed  eyatem  energy  balancea  prepared 
uaing  GAI'a  PROTEUS  ayatam  modeling  computer  code. 

DISCUSSION; 

lliia  atudy  ewaluatea  the  effect  on  plant  performance  of  reducing  the  ETT 
channel  length.  The  efficiency  penalty  for  a ahorter  channel  ia  ahown  to  be 
amall.  Since  a ahorter  channel  requirea  a ahorter  and  leaa  expmaive  magnet, 
thia  loaa  in  efficiency  appeara  to  be  i %forthwhile  trade. 

The  baae  ayatam  uaed  a 16  meter  long  MED  channel.  Thia  channel  ia  a a?ight 
variant  of  the  chapnel  deacribed  in  the  Deaign  Requirementa  Document  (ORD, 
Reference  1),  in  tlut  coal  tranaport  gaa  waa  included  in  thia  combuation 
ayatem  vhereaa  the  DRD  ayatem  had  ignored  the  effect  of  thia  gaa.  Three 
ahorter  HKD  channela  were  alao  conaidered,  having  12  meter,  10  meter,  and  7 
awter  lengtha.  The  aaaumptiona  uaed  in  eatabliahing  theae  channela  and  in 
their  eatimated  performance  are  coaipared  to  the  DRD  eatimatea  in  Table  1.  The 
ahorter  channela  produce  leaa  power  and  reject  a greater  proportion  of  their 
input  energy  to  the  ateam  bottoming  cycle. 

While  ahorter  HKD  channela  produce  leaa  power  they  have  a higher  power  denaity 
and  a lover  ratio  of  heat  loaa  to  power  output.  Thia  ia  becauae  the  moat 
efficient  HHD  power  generation  occura  at  the  entrance  idiere  plaama 
conductivity  ia  higheat.  The  ahorter  channela  have  a aaaller  preaaure  drop 
and  aa  a reault  ita  compreaaor  power  requirementa  are  lower.  Since  power 
produced  by  the  channel  and  power  required  by  the  coaq^reaaora  are  both 
reduced,  a greater  proportion  of  the  input  energy  appeara  aa  ateam  output. 

Thia  partial  compenaation  in  output  by  the  ateam  cycle  reaulta  in  a modeat 
drop  in  plant  efficiency  when  channel  length  ia  reduced. 

Table  2 praaenta  a aummary  of  the  plant  performance  of  the  four  HKD  topping 
cyclea.  T ro  methoda  of  condenaate  cooling  water  integration  are  preaented  in 
thia  table  The  firat  method,  '*3eriea  A",  maintaina  the  turbine  ateam 
extraction  point  for  the  deaerator  fixed.  (Figure  1 illuatratea  the 
condenaate  flow  aequence  uaed  in  both  cooling  methoda.)  Since  deaprator 
preaaure  (a.id  thua  temperature)  are  fixed  by  thia  firat  method,  the  condenaate 
te^erature  leaving  the  coolant  paaaagea  for  the  HHD  channela  variea  aa  the 
heat  loaa  in  the  HKD  channel.  The  aecond  method  of  integrating  the  condenaate 
coolant,  "Seriea  B'*,  maintaina  fixed  coolant  diacharge  temperature  by  allowing 
the  deaerator  extraction  point  preaaure  to  vary.  Since  the  ahorter  HHD 
channela  require  leaa  cooling,  the  deaerator  preaaure  and  temperature  can 
increaae,  reaulting  in  greater  regenerative  heating  with  deaerator  extraction 
ateam. 

In  every  caae  evaluated  in  thia  atudy  the  "Seriea  B"  fixed  coolant  diacharge 
temperature  caaea  were  found  to  have  greater  plant  efficiency  than  the  fixed 
deaerator  preaaure  caaea  ("Seriea  A").  In  addition,  the  ahorter  HKD  channel 
caaea  were  lower  in  plant  efficiency  than  the  longer  channel  caaea,  although 
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tho  UMuot  of  efficioncy  lost  is  uodsst.  Slues  only  0.29  points  in  net  ETF 
plsnt  efficiency  is  lost  vben  chsnnel  length  is  reduced  fro*  16  neters  to  10 
■etersi  the  reduced  coaplexity  of  the  channel  sad  reduced  coat  for  the  nagnet 
with  that  37  percent  length  reduction  appears  to  be  an  attractive  trade. 
Greater  reductions  in  length  below  lU  asters  causes  an  ever  increasing  rate  of 
efficiency  loss,  hence  it  would  appear  that  10  aeters  is  the  ainiMM  practical 
length  reduction  for  the  ETF.  Since  the  rate  of  plsnt  efficiency  penalty 
'increases  with  reduced  channel  length,  it  would  be  aore  conservative  to  aake  a 
length  reduction  to  only  12  asters,  a 2S  percent  reduction  (which,  while  not 
evaluated,  can  be  expected  to  drop  efficiency  by  about  0.16  percentage  points) 
thereby  assuring  only  ainiasl  ia^act  on  plant  efficiency. 
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COHCEPTUAL  DESIGN 

MHD  - ETF  200  MWe  POWER  PLANT  MAGNET  STSTIM 
SYSTEM  DESIGN  DESCRIPTION 


1.0  FUNCTIOH  AND  DESIGN  REQUIREMENTS 


This  section  sunnarlzes  the  functional  requirements  and  design  criteria 
Including  system  Interfaces  of  the  ETF  Magnet  System  as  shown  In  System 
Diagram,  Drawing  D4456.  The  system  described  herein  fulfills  the  design 
requirements  as  set  forth  In  the  "Design  Requirements  Document"  (DRD) . 


1.1  FUHCTIOWAL  REQUIREMENTS 


The  major  functional  requirements  of  the  Superconducting  Magnet  System  are 
to: 


1.  Provide  the  hlgh-lntenalty  magnet  field  In  the  large 
volume  needed  for  MHD  power  generation,  with  minimum 
magnet  system  power  consumption. 

2.  Operate  as  a self-contained  system,  maintaining  the 
necessary  cryogenic  environment  for  Its  superconducting 
colls  continuously  without  external  support  except  for 
plant  utilities  (electric  power,  cooling  water,  etc«) 
and  a supply  of  liquid  nitrogen. 


The  minimum  power  consumption  requirement  is  satisfied  by  the  use  of 
superconducting  (zero-reslstlve)  windings  in  the  magnet;  any  other  type 
of  winding  would  Involve  power  consumption  so  high  as  to  outweigh  the 
advantages  of  MHD  power  generation. 


The  Superconducting  Magnet  produces  Its  high  magnetic  field  within  a cavity 
(warm  bore)  which  extends  through  the  middle  of  the  magnet  assembly  and  Is 
open  at  both  ends.  Since  it  Is  necessary  that  the  MHD  channel  be  mounted  in 
this  cavity,  the  magnet  must: 


1.  Provide  the  necessary  Internal  volume  for  the  channel, 
associated  structures,  piping  and  power  leads,  and  pro- 
vide access  for  connections  at  both  ends. 

2.  Incorporate  means  to  facilitate  removal  and  replacement 
of  the  channel. 

3.  Incorporate  means  to  protect  the  magnet  against  channel 
faults. 
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Th«  Internal  volume  (warm  bora)  of  the  EIF  magnet  la  tapered,  becoming  larger 
toward  the  exit  end,  to  accoanodate  the  taper  of  the  MHD  channel.  The  enda  of 
the  bore  are  flared  to  maxialce  acceaa. 

To  facilitate  channel  changeout,  rollera  and  floor-mounted  tracks  are  provided 
to  permit  rolling  the  magnet  sldewaya.  In  addition,  the  magnet  warm  bore  la 
equipped  with  Internal  tracks  which  support  the  channel  and  permit  channel 
withdrawal  In  the  downstream  direction.  Changeout  Is  accomplished  by  unfast- 
ening flow-  train  .flanges/removable  sections  near  each  end  of  the  channel,  rolling 
the  magnet  and  channel  aside  to  clear  the  diffuser,  and  then  withdrawing  the 
channel  onto  a special  cart  mating  with  the  downstream  end  of  the  warm  bore. 

Protection  for  the  magnet  against  channel  faults  is  provided  by  an  electri- 
cally Insulating,  water-cooled  warm  bore  liner  which  is  a part  of  the  magnet 
assembly.  Should  a plasma  leak  occur  in  the  channel  wall,  the  Insulation- 
coated  Inner  surface  of  the  liner  serves  as  an  ablative  shield  during  a 
period  In  which  the  flow- train  can  be  shut  down.  Should  the  plasma 
jet  continue  long  enough  to  burn  through  the  liner  Inner  wall,  a protective 
water  deluge  will  be  provided  from  the  lin^r  water  passage. 

It  Is  also  necessary  that  the  magnet  be  protected  against  Internal  faults. 
Superconducting  magnet  windings  are  subject  to  an  uncontrolled  transition  to 
the  resistive  state  (a  quench)  under  certain  abnormal  operating  conditions  such 
as  loss  of  liquid  helium  coolant.  Overheating  and  damage  to  windings  can  result. 
Protection  against  this  contingency  must  be  provided.  The  ETF  magnet  system 
incorporates  quench  detection  circuitry  which  triggers  automatically  an  emergency 
discharge  system  and  discharges  the  magnet  before  damage  to  the  windings  can 
occur  as  a result  of  a quench. 


1.2  SYSTEM  INTERFACES 


Major  interfaces  with  the  magnet  system  are: 

MHD  power  train 

Magnetic  interaction  with  personnel  aid  with  equipment  (forces  and  torques) 
Facility  Interfaces  are: 

Barriers,  markings,  etc.,  for  personnel  safety  and/or  exclusion 
Air  separation  unit  (liquid  nitrogen  flow) 

Circulating  water  system 
Instrument  air  system 

Vents  to  atmosphere  (helium  and  nitrogen  gaa) 

Plant  service  air  system 

Electrical  system  (power,  lighting  and  ground) 

Foundations 

Cranes 
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At  th«  Mgn«t-pov«r  train  Intarfaca,  aagnatlc  fiald  la  provided  by  the  magnet 
for  power  generation,  and  mechanical  support  la  provided  by  the  magnet  warm 
bore  to  hold  the  MHD  channel  In  place  agalnat  vertical  and  traaaverae  loads 
(gravity,  magnetic  and  seismic  effects  on  channal  and  associated  equipment 
which  lies  within  the  magnet  warm  bore). 

The  magnet  Is  not  designed  to  support  the  following t 

Axial  loads  on  channel  (loads  parallel  to  plasma  flow) 

Axial,  vertical  or  transverse  mechanical  loads  from 
power  train  equipment  external  to  the  warm  bore 
(combustor,  diffuser,  etc.) 

The  magnet-power  train  interface  Is  depicted  conceptually  In  Drawing  DA439. 
Additional  detail  is  given  on  Drawing  SDDllOl  In  SDD502  on  the  MHD  power 
train  system.  Channel  Insertion  into  and  removal  from  the  magnet  warm  bore 
exit  opening  are  accomplished  with  the  magnet  In  the  rolled-aside  position 
as  shown  in  the  phantom  view  in  Drawing  DAAA5.  The  combustor,  plaraa  duct 
assembly,  a major  portion  of  the  noezle  and  a major  portion  of  the  diffuser 
are  assumed  to  remain  stationary.  Small  removable  sections  of  nozzle  and 
diffuser  are  provided  to  facilitate  channel  removal. 

When  the  magnet  Is  secured  in  the  operating  position  (See  Drawing  DAAA3)  the 
plasma  upstream  (Inlet)  end-face  of  the  magnet  warm  bore  liner  and  the  warm 
bore  centerline  are  at  pre-determined  fixed  locations  (non-adjustable  rela- 
tive to  the  foundation).  Alignment  of  power-train  flanges  C and  D (see 
Drawing  D^A39)  is  accomplished  by  means  other  than  moving  the  magnet. 

The  magnet  system  - air  separation  unit  interface  involves  the  supply  of 
liquid  nitrogen  from  the  air  separation  unit  to  the  magnet  system.  A steady- 
state  flow  of  liquid  nitrogen  as  listed  in  Drawing  DAA53  is  delivered  from 
the  air  separation  unit  to  the  magnet  system  liquid  nitrogen  storage  tank  and 
is  used  for: 

1.  Precooling  helium  gas  In  refrlgerator/liquef let • 

2.  Trace  cooling  liquid  helium  transfer  lines. 

3.  Cooling  of  magnet  thermal  radiation  shield. 

The  magnet  system  liquid  nitrogen  storage  tank  provides  bulk  storage  of  liquid 
nitrogen  for  use  in  refrigerator  pre-cooling,  etc.,  when  the  air  separation  unit 
is  not  in  operation. 

The  interface  with  magnetically  affected  equipment,  magnetic  structure  and  per- 
sonnel Involves  the  interactive  forces  and  adverse  effects  which  are  possible 
as  a result  of  relatively  high  fields  ("fringe  fields")  produced  by  the  magnet 
in  the  surrounding  area.  The  facility  in  the  vicinity  of  the  siagnet  is  de- 
signed to  accept  these  conditions.  Guidelines  are  provided  in  Specification 
AAAA2,  which  is  attached  to  the  end  of  this  SDD.  Estimated  boundaries  of 
critical  fringe  field  zones  around  the  Installed  ETF  magnet  are  shown  iri 
Drawing  DAAAA. 
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1.3  DESIGN  CRITERIA 


Design  crlterle  for  the  Superconducting  Magnet  Systen  Include  the  eyatea  outputs 
In  terms  of  magnetic  field  volume,  Intensity  and  unifonelty,  derived  Inputs  and 
accompanying  mechanical  and  electrical  requirements  which  are  used  in  the  selection, 
siting  and  design  of  components  end  to  determine  performance. 

Criteria  used  for  final  Magnet  System  selection  and  conceptual  design  were: 


1.  The  Magnet  System  design  shall  be  based  primarily  on 

the  current  state  of  the  art.  (Where  the  scale-up  in  site 
necessitates  extending  the  technology,  in  critical  areas, 
beyond  today's  experience,  the  design  shall  be  substantiated 
by  laboratory  tests  or  equivalent  experience  either  actual 
or  anticipated) . 

2.  The  Magnet  System  design  shall  be  based  on  one  or  a combi- 
nation of  the  several  concepts  under  study/development  within 
the  IfflD  superconducting  magnet  discipline. 

3.  The  Magnet  System  design  shall  employ  construction  and 
assembly  techniques  that  are  scalable  to  magnet  systems 
required  for  commercial  size  MHD/ steam  generators  (300  to 
2000  MWe  output) . ( Scaling  to  commercial  size  will  Involve 
increasing  magnet  overall  dimensions  by  factors  up  to  2 and 
weight  by  factors  up  to  7.) 

4.  The  Magnet  System  design  shall  minimize  overall  cost 
including  site-related  manufacturing  costs.  (Since  . 
the  magnet  assembly  is  so  large  that  .transportation 

in  one  piece  from  the  factory  to  the  Montana  sice  will 
not  be  practical,  the  design  shall  provide  for  factory 
fabrication  of  all  major  subassemblies  in  sizes  that  can 
be  rail/road  transported  to  the  site  without  excessive 
cost,  and  can  be  site-assembled  with  minlmvim  on-site 
labor . ) 

• 

3.  Supporting  subsystems  (such  as  the  Cryogenic  Support  Equipment, 
the  Power  Supply  and  Discharge  Equipment  and  the  Vacuum 
Pumping  Equipment )shall  represent  current  technology  and  shall 
be  readily  available  and  highly  reliable. 


The  magnet  conceptual  design  described  in  Section  2 of  this  SDD  draws  heavily  on 
an  Integrated  design  and  development  program  for  superconducting  MHD  magnets 
currently  underway  at  MIT/FBNML  under  DOE  sponsorship.  This  program,  started  in 
1976,  includes  subcontracted  and  in-house  design  studies, ^*^»**management  of  test 
facility  magnet  design  and  procurement,  and  laboratory  investigations^^  of  super- 
conductors, Insulators,  structural  materials  and  other  coeiponents.  A ntajor 
objective  of  the  program  is  to  evaluate  a number  of  design  concepts  for  comnercial- 
slze  MHD  magnets  and  make  selections  based  on  assurance  of  meeting  performance 


*Superscrlpts  refer  to  references  listed  in  the  Appendix. 
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r«qulroMnt«,  r«llabillty,  Mnufactur«bllity  and  evarall  coat  offactlvancaa. 
Specific  Btudlaa  and  daalgna  which  have  iafluancad  tha  ETF  coaeaptuil  daelgn 
Includt  thoaa  Hated  balow: 

Superconducting  MHD  Magnet  Design  Study**  (1977), 

Avco  Everett  Research  Laboratory,  Inc. 

Superconducting  MHD  Magnet  Design  Study  ^ U977), 

Magnetic  Corporation  of  Anerlce. 

"Cask"  Superconducting  MHD  Magnet  Design^  (1979), 

General  Dynamics 

EtF  - Superconducting  MHD  Magnet  Design^  (1979), 

Avco  Everett  Researr'-  Laboratory,  Inc. 

CFFF  - Superconducting  MHD  Magnet  Dealgn^, 

Argonne  National  Laboratory 

CDIF  - Superconducting  MHD  Magnet  Dealgn^, 

General  Electric  Co. 

Stanford  Superconducting  MHD  Magnet  Design^ 

General  Dynamics 


The  particular  configuration  selected  for  the  ETF  magnet,  a rectangular  saddle- 
coil  magnet  with  rectangular  bore,  is  considered  suitable  for  the  application 
because  the  bore  shape  permits  most  effective  utilization  of  the  magnet's  high 
field  volume  and  the  coil  shape  lends  itself  to  ease  of  manufacture. and  structural 
support.  Since  the  design  is  In  many  respects  a scale-up  of  the  CDIF  Superconducting 
Magnet,  it  can  be  verified  by  experience  with  the  latter.  The  use  of  cable  conductor 
fully  supported  by  an  insulating  substructure  is  considered  advantageous  for  ease 
of  manufacture  of  conductor,  ease  of  winding  and  to  enhance  the  cryostatic  stability 
of  the  winding  by  minimizing  the  size  of  possible  friction-generated  disturbances 
at  the  surface  of  the  conductor. 

Engineering  design  criteria  for  all  disciplines  are  In  accordance  with  applicable 
codes,  standards,  regulations  and  guides  issued  by  governmental  agencies  and 
recognized  by  standards  organizations. 


1.3.1  Codes  and  Standards 

1 . 3 . 1 . 1 Standards  for  Magnetic  Force  Containment  Structures 

Design  of  magnet  structures  which  contain  major  magnetic  forces  are  in  accordance 
with  the  following  interim  standard 


SDD-503 


"StrueturAl  D«‘algn  B«tit  for  Suporcooductlng  Mokiiocb'*, 

B.  D.  B«ck«r,  Francli  Bittor  National  Nagnat  Laboratory, 
Maaaaoliuaatta  Inatltuta  of  Tachnology,  August,  1980. 


1.3. 1.2  Coda  for  Praaaura  Vaaaala 

Prasaura  vassals  and  vacuum  vcBsala  in  tha  magnat  aystaa  ara  in  accordance  with 
tha  following: 

ASHE  Boilar  and  Pressura  Vassal  Coda,  Section  8,  Divialon  II. 


1.3. 1.3  Other  Codes  and  Standards 


In  addition  to  the  specific  requirements  of  1.3. 1.1  and  1.3. 1.2,  the  magnet  system 
design  is  in  accordance  with  applicable  codas,  standards  and  guidas  iasued  by  the 
following  organizations: 


a.  American  National  Standards  Institute  (ANSI) 

b.  American  Society  for  Testing  and  Materials  (ASTM) 

c.  American  Welding  Society  (AWS) 

d.  Manufacturing  Standardization  Society  of  the  Valve 
and  Fitting  Industry  (MSS) 

e.  Pipe  Fabricators  Institute  (PFI) 

f.  Occupational  Safety  and  Health  Administration  (OSHA) 

g.  Instrument  Society  of  America  (ISAO) 

h.  National  Fire  Protection  Association  (NFPA) 


1.3. 1.4  Criteria  for  Personnel  and  Equipment  Exposure  to  Magnetic  Fields 


Interim  criteria  in  effect  for  personnel  and  equipment  exposure  to  magnetic 
(fringe  fields)  in  the  region  imed lately  surrounding  the  magnet  are  in  accordance 
with  the  guidelines  contained  in  Specification  A4442,  attached  at  the  end  of  this 
SDD.* 


1.3.2  Design  Parameters 


The  design  parameters  of  the  magnet  are  dictated  by  the  needs  of  the  MHD  generator 
in  terms  of  magnetic  field  and  volume  to  house  the  channel  with  its  associated 
structure,  piping  and  power  leads  in  the  high  field  region. 

The  prlury  design  parameters  are  listed  in  Table  I. 


*It  should  be  noted  that  the  standards  set  forth  here  are  more  restrictive  than  the 
design  standards  actually  employed  in  Volume  I of  this  ODER. 
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TABLE  X Sheet  1 of  2 

•HACNET  STSTEM 
DESICH  PARAMETERS 


MeRnetic  Field 

Peek  on-exie  field 
Active  field  length 
On-exls  field,  start  of  active  length 
On-axis  field,  end  of  active  length 
Floy  Train  Interface 

Warm  bore  aperture*,  start  of  active  length 

Warm  bore  aperture*,  end  of  active  length 

Channel  weight  to  be  supported  in  magnet  warm  bore 

Maximum  force**  exerted  on  magnet  by  flow  train, 
axial  direction  (parallel  to  plaama  flow) 

Maximum  force**  exerted  on  magnet  warm  bore  by  flow  train, 
vertical  (in  addition  to  channel  weight) 

Maximum  force**  exerted  on  magnet  warm  bore  by  flow  train 
Ctranaverae) 

Voltage  stand-off  capability  of  warm  bore  liner 
electrical  insulation 

Vibration  applied  to  magnet  by  flow  train 

Operational 

Service  life 

Humber  of  cool-down/warmup  cycles 

Number  of  charge/discharge  cycles 
(0  - design  current  - 0) 

Maximum  allowable  cool-down  time 

Maximum  allowable  warm-up  time 

Minimum  charge  time,  0 to  full  field 

Minimum  discharge  time,  full  field  to  0 field, 
non-emergency  mode 

Maximum  allowable  emergency  discharge  time, 
full  field  to  0 field 


6 T 

12.1  m (39'  8") 
4.0  T 
3.5  T 

55"  X 71" 

81"  X 106" 
54,000  lbs. 

TED*** 

TBD*** 

TBD*** 

XBD*** 

TBD*** 

30  years 
60 

600 

30  days 
30  days 
45  nln. 

45  min. 

3 min. 


Maximum  allowable  terminal  voltage  during  qqq  y 

emergency  discharge  ' 

Current  regulation,  steady  state  operation  (drift)  2Z 

* Inside  water-cooled  warm  bore  liner 

**  Force  caused  by  magnetic  interaction  of  channel  and  Its  power  leads  with  the 
field  produced  by  the  magnet  coils. 

***  TBD  - To  be  defined  after  detail  design  Is  complete. 
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Environment 

Altitude  above  sea-level  3,300  ft. 

Ouuloor  temperature,  maximum  105 

Outdoor  temperature,  minimum  -35  ^F 

Seismic  zone  2 
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1.3. 2.1  Syiti  Dlatr— 

Tht  syattai  ^lagraa  (achtaatic)  for  tha  aagnat  ayatan  la  ahown  In  Drawing  DA456. 

1.3. 2. 2 Haanatic  Fiald 


The  magnetic  field  lequired  for  the  ETF  channel  is  a dc  field  having  its  peak 
intensity  a ah.  rt  distance  do%mstream  from  the  channel  inlet  and  then  decreasing 
along  the  channel  axis  toward  the  exit  end.  The  magnetic  field  profile  along 
the  bore  axis  and  the  configuration  and  dimensions  of  the  cavity  (warm  bore) 
as  needed  for  the  ETF  channel  are  shown  in  Drawing  D4439.  Maximum  allowable 
variations  in  magnetic  field  profile  and  field  in  channel  cross-sections  are 
given  in  Drawing  DA4A8.  The  bore  axis  is  horizontal  and  tho  main  field  direction 
is  horizontal  and  perpendicular  to  the  bore  axis. 

The  magnet  system  is  intended  for  continuous  operation  at  design  field  for 
long  periods  of  time,  as  necessary  to  meet  base-load  MHD  generator  requirements. 
The  system  must  be  capable  of  maintaining  the  designed  field  profir  for  all 
steady-state,  plant  transient,  load-transient  and  part-load  operation  of  the 
MHD/ steam  plant. 


1 . 3 . 2 . 3 Magnet  Charging  and  PiecharRing 


The  magnet  power  supply  and  discharge  system  must  be  capable  of  raising  the 
magnetic  field  from  zero  to  raced  field  in  less  than  one  hour,  of  automatically 
maintaining  a constant  field  at  any  selected  level  between  zero  and  rated  field 
and  of  reducing  the  field  from  rated  to  zero  in  approximately  3 minutes  under 
emergency  conditions,  as  required  for  convenient  and  safe  operation  of  the  MHD 
generator. 


1.3. 2.4  Magnet  Winding  Characteristics 


The  magnet  winding  is  designed  for  cryostabllity;  l.e.  it  incorporates  sufficient 
normal  conductor  in  parallel  with  superconductor  and  has  sufficient  cooling  such 
that  in  the  event  of  a disturbance  which  drives  a portion  of  the  winding  into  the 
non-superconducting  state,  all  the  current  in  that  portion  will  be  carried  tempo- 
rarily by  the  normal  conductor  without  exceeding  the  superconductor  critical 
temperature,  and  the  wi.-idlng  will  revert  to  the  superconducting  state  after  the 
disturbance  passes. 

The  magnet  winding  is  so  de&igned  that  with  the  winding  operating  at  rated  magnetic 
field  (6  T peak  on-axis)  and  at  rated  temperature  (4.5  K) , the  current  In  all  parts 
of  the  winding  is  at  least  15Z  lower  than  the  short-sample  critical  current  of  the 
conductor  a**  4.5  K and  the  local  magnetic  field. 
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1.3. 2. 5 CryoRtnlc  ln»ul«tlon- 


Cryogenic  Insulation  and  thamal  shielding  provided  in  the  nagnet  enclosure  and 
In  other  cryogenic  components  are  designed  to  minimise  ambient  heat  leakage  Into 
low- temperature  regions. 


1.3. 2. 6  Quench  Protection 


The  emergency  discharge  (dump)  system  is  capable  of  safely  discharging  all  magnetic 
energy  stored  In  the  magnet  at  its  rated  operating  condition.  Voltage  and  tem- 
perature rise  in  the  winding  during  such  a discharge  are  within  limits  compatible 
with  the  materials  and  Insulation  thickness  used. 


1.3. 2. 7  Vapor  Cooled  Power  Lends 


Vapor  cooled  power  leads  are  capable  of  operating  safely  and  without  damage  with 
zero  helium  (coolant)  flow  during  an  emergency  discharge. 


2.0  DESIGN  DESCRIPTION 

2.1  SUMMARY  DESCRIPTION 


The  superconducting  magnet  system  is  an  advanced  technology  system  that  provides 
the  magnetic  field  required  by  the  MHD  channel  for  power  generation. 

The  system  consists  of  the  magnet  and  accessory  equipment,  comprising  sybsystems 
as  listed  below: 


Magnet  assembly 

Cryogenic  support  equipment 

Power  supply  and  discharge  equipment 

Vacuum  pumping  equipment 

Roll-aside  drive  equipment 

Protection/control  equipment  and  Instrumentation 

Plan  and  elevation  views  of  the  magnet  system  Including  accessory  equipment  are 
shown  on  Drawing  D4A45. 

Major  interfaces  are: 

MHD  power  train 

Magnetic  interactions  with  personnel  and  equipment  (forces  and 
torques)  in  the  near  vicinity  of  the  magnet  assembly 
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Facility  interfacaa  ara: 

Barriers,  Barkings,  etc.,  for  personnel  safety  and/or  exclusion 
Air  sepcration  unit  (liquid  nitrogen  flow) 

Circulating  water  system 
Instrument  air  system 

Vents  to  atmosphere  (helium  and  nitrogen  gas) 

Plant  Service  air  system 

Electrical  system  (poirer  and  lighting) 

Foundations 

Cranes 

The  magnet  assembly  consists  of  liquid  helium  cooled  superconducting  coils 
In  a cryogenlcally  - Insulated  enclosure  (vacuum  vessel)  with  a cavity  (warm 
bore)  extending  through  the  center  horizontally,  open  at  both  ends.  The 
outline  dimensions  of  the  magnet  assembly  and  the  dimensions  of  the  cavity, 
which  diverges  from  plasma  upstream  (Inlet)  to  plasma  downstream  (exit)  end, 
are  sho%m  on  Drawing  D4441.  The  cavity  Is  designed  to  house  the  MHD  channel, 
ffhlch  Is  Inserted  and  wlthdram  from  the  large  (exit)  end  opening.  The  magnetic 
field  In  the  cavity  is  oriented  in  a primarily  horizontal  direction  perpendicular 
to  the  long  axis  of  the  cavity.  The  magnet  does  not  Incorporate  a ferromagnetic 
flux-return-path  or  other  means  to  reduce  fringe  magnetic  fields. 

The  cryogenic  support  equipment  consists  of  a helium  refrigerator/llquifler, 
a helium  compressor  package,  storage  tanks,  heat  exchangers,  transfer  lines 
and  controls  as  required  for  cooling  down  the  superconducting  magnet  windings, 
maintaining  them  continuously  at  liquid  helium  temperature  during  facility 
operating  and  standby  periods,  and  warming  up  the  windings  when  an  extended 
dead  plant  condition  Is  anticipated. 

The  power  supply  and  discharge  equipment  consists  of  a rectlfler-type  dc 
power  supply,  discharge  resistors,  circuit-breakers  and  controls  as  required  for 
charging  the  magnet,  maintaining  It  at  the  desired  field  strength  during  MHD 
generator  operation  and  discharging  It  under  both  normal  and  emergency  (fast) 
shut-do%m  conditions. 

Vacuum  pumping  equipment  consists  of  diffusion  pumps  and  mechanical  pumps 
for  evacuating  the  magnet  vacuum  vessel  prior  to  and  during  initial  magnet 
cooldown  and  for  removing  from  the  vacuum  vessel  any  helium  leakage  that  may 
occur  from  the  coil  container  during  magnet  operation.  A utility  vacuum  pump- 
ing system  for  servicing  the  cryogenic  support  equipment  Is  also  provided. 

The  roll-aside  drive  equipment  consists  of  hydraulic  cylinders  for  moving  the 
magnet  on  its  tracks  and  the  associated  hydraulic  pump  package. 

Protection  and  control  equipment  consists  of  instrumentation  to  detect  abnormal 
conditions  In  the  magnet  system  and  controls  to  automatically  activate  protective 
measures.  Also  Included  are  Instruments  and  controls  to  permit  rembte  monitor- 
ing and  manual  control  of  major  functions  q£  the  magnet  and  associated  equip- 
ment at  the  power  plant  control  room. 
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Th«  Mgnct  system  includes*  In  sddltion  to  the  shove  subsystems,  piping  and 
wiring  necessary  to  interconnect  subsystem  equipment  items  and  to  connect  these 
items  to  local  utility  outlets  provided  as  part  of  the  facility.  Utility  re- 
quirements are  suamarised  in  Table  II. 


2.2  DETAILED  DESCRIPTION 


The  detailed  description  which  follows  covers  the  MHD  magnet  system  conceptual 
design  selected  for  use  in  the  ETF  Conceptual  Design  Engineering  Report.  Magnet 
system  floor  space,  foundation  and  utility  requirements  contained  in  this  document 
are  based  on  this  particular  conceptual  design  and  the  estimated  magnet  system 
costs  and  construction  schedule  herein  are  also  based  on  this  design.  It  is 
Intended  that  this  design  description  be  considered  only  a "design  basis"  which 
fulfills  the  design  requirements  as  set  forth  in  the  MHD- ETF  Design  Requirement 
Document.  This  design,  not  intended  to  be  restrictive  with  respect  to  the  magnet 
system  to  be  finally  developed  for  the  ETF,  is  representative  of  design  concep. 
being  developed  at  MIT/FBNML  with  inputs  from  Avco  Everett  Research  Laboratory, 
Inc.,***^  Magnetic  Corporation  of  America,  ^ General  Dynamics, Argonne  National 
Laboratory,®  and  General  Electric.® 


2.2.1  Magnet  Assembly 


The  design  characteristics  of  the  magnet  assembly  are  given  in  Table  111  and  on 
the  following: 


Drawing  D4AA1  - Outline 

Drawing  D44S0,  Sheets  1 through  A - General  Assembly 
Drawing  DAA39  - Field  Profile  and  Bore  Dimensions 
Drawing  D44A8  - Limits  on  Variation  in  Magnetic  Field 

The  major  components  comprising  the  magnet  assembly  are  as  listed  below.  Tltey  are 
identified  on  Drawing  D44 50. 

Superconducting  windings  (coils)  including  winding  substructure 

Winding  containment  vessels 

Main  force  containment  structure 

Thermal  radiation  shield 

Lov-heat-leak  support  struts 

Vacuum  vessel  (magnet  enclosure)  including  warm  bore 
Water-cooled  warm  bore  liner 

Roll-aside  system  (rollers,  track,  actuators,  hold-down  brackets) 

Vapor-cooled  electrical  leads 

Internal  instrumentation  wiring  and  piping 
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TABLE  11 

MAGNET  SYSTEM 
UTILITY  REQUIREMENTS 


Electric  Power  (60  H*.) 


Power  supply  - Maximum  charging 

- Steady  state  of  operation 

4160  V 
4160  V 

2950  KW 
300  KW 

3^ 

3* 

Refrlgerator/llqulfier 

220  V 

10  KW 

Refrigerator  compressors 

440  V 

500  KW* 

Utility  vacuum  pump 

220  V 

15  KW 

3^ 

Diffusion  pumps,  main  vacuum  (2) 

440  V 

24  KW 

3* 

Fore  pumps,  main  vacuum  (2) 

440  V 

20  KW 

Warm-up  heat  exchanger 

440  V 

TBD 

3* 

Hydraulic  pump  package 

440  V 

20  KW 

3* 

Cooling  Water  (80  **F  max.,  50  pslg  except  100  pslg  for  warm  bore 

liner) 

Power  supply  (rectifiers;  diodes) 

75  GPM 

Discharge  resistors 

50  GPM 

Refrigerator  compressors 

150  GPM 

Refrigerator/liquifier 

3 GPM 

Diffusion  pumps,  main  vacuum  (2) 

5 GPM 

Fore  pumps,  main  vacuum  (2) 

5 GPM 

Warm  bore  liner  Steady-state 

Emergency 

40  GPM 
200  GPM 

Water-cooled  power  bus 

30  GPM 

Liquid  Nitrogen  (30  psig) 

Cool-down  heat  exchanger  (during  cool-down  only)  TBD 

Refrigerator  pre-cooling  (steady  state)  150  1/hr.** 

Magnet  radiation  shield,  transfer  lines,  etc.  (steady  state)  60  £/hr.** 

Compressed  Air  (90  pslg) 

Refrigerator  and  vacuum  system  controls  25  SCFM 


* Nominal  running  power  with  power  factor  - 0.9.  Starting  requires  3 x running  power. 

**  The  refrigerator,  thermal  shield  and  transfer  line  LN2  requirements  totaling 
210  //hr  (steady  state)  will  be  supplied  from  facility  air  separation  unit. 
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TABLE  111  ShMC  1 of  2 


MAGNET  SYSTEM 

MAGNET  DESIGN  CHARACTERISTICS 


Magnetic  Field; 

Peak  0tt->axl8  field 

Active  field  length 

Field  at  start  of  active  length, 

Field  at  end  of  active  length, 

Peak  field  in  winding 

Variation  in  channel,  plane  of  B_„ 

Variation  in  channel,  plane  of 

Variation  in  channel,  plane  of  B 

On-axla  field  variation  axially,  relative  to 
straight  line  tangent  to  upstream  and  down- 
stream field  crests. 

Dimensions: 

Aperture,  warm  bore  inlet* 

Aperture,  start  of  active  length* 

Aperture,  end  of  active  length* 

Aperture,  warm  bore  exit* 

Length  of  warm  bore 

Distance,  bore  inlet  to  start  of  active  length 

Vacuum  vessel  overall  length,  including  water- 
cooled  warm  bore  liner 

Vacuum  vessel  outside  diameter 

Dipole  Moment 

Winding  Characteristics: 

Design  current 

Winding  current  density  (J) 

Conductor  current  density  (J)  wire 

LHe  to  conductor  ratio  (volume) 


6 T 

12,1  « (39 » 8”) 
4 T 

3.5  T 

7.6  T 
+4X  -OX 
+2X  -2X 
+2X  -2X 

+2X  -OX 


55"  X 71” 
55"  X 71" 
81"  X 106" 

85"  X 111" 
49’  9" 

3’  6" 

54'  4" 

27'  6" 

13.8  X 10®  Affl2 

24,400  A 
1.42  X 10^  A/m2 
8.16  X 10^  A/m^ 
1.1 


*Inside  water-cooled  warm  bore  liner 
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TABLE  III  Sheet  2 of  2 


HeeC  flux** 

Ampere  turns 

Ampere  meters 

Inductance 

Stored  energy 

Winding  Tiinensions: 

Depth  (build),  vimling  cross-'sectlon 

Height,  winding  cross  section,  one  quadrant 

Gap  (distance  from  winding  to  bore  surface 
inside  warm  bore  liner) 

Winding  envelope  volume,  total 

Conductor} 

Type 

S.  C,  material 
Overall  diameter 
Strand  diameter 
Cu/SC  in  high  field  regions 
Total  length  conductor 
Weights: 

Conductor 

Insulation 

Substructure 

Superstructure  and  coil  containment 
vessels 

Total  cold  mass 

Thermal  radiation  shield,  cold  mass 
supports,  etc. 

Vacuum  vessel  and  mounting  feet 
Miscellaneous 

Total  Magnet  Weight 
Cryogenic  Data: 

Operating  temperature  at  winding 
Heat  leak  to  LHe  region 
Liquid  helium  for  lead  cooling 


<0,15  W/cm* 
27,9  X 10* 
10,76  X 10* 
9.7  henries 
2900  MJ 

37.5" 

40.7" 

16.7" 

2671  cu.  ft 


Cable 

NbTl 

1,0" 

0.046" 

6 

140,000' 

224.000  lbs. 

(included  in  substructure) 

198.000  lbs. 

1.100.000  lbs. 

1.522.000  lbs, 

66,000  lbs. 

346.000  lbs. 

66,000  lbs. 

2,000,000  lbs. 

4.5  R 
180  watts 
75  i/hr. 


**  Heat  flux  Is  stability  criterion  (heat  flux  at  cooled  surface  of  conductor 
with  all  current  in  copper,  in  highest-field  region). 
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2. 2. 1.1  Wiodliw  and  Sub«tructur« 


The  Mgn«t  windings  consist  of  s pair  of  ssddle-shsped  colls,  each  nada  of  572 
turns  of  superconducting,  cable-type  conductor  1 Inch  in  diameter,  as  described 
in  Section  2. 2. 1.2.  The  turns  are  insulated  from  each  other  and  are  Individually 
supported  by  a substructure  consisting  of  stacks  of  fiber  glass-plastic  bars 
or  plates  notched  to  fit  the  conductors.  The  windings  are  bath-cooled  by  liquid 
helium  and  are  designed  for  cryostatlc  stability. 

The  windings  are  designed  to  produce  the  on-axls  field  profile  shown  on  Drawing 
D4A39  and  to  produce  uniformity  of  field  In  the  channel  cross-section  as  shown 
on  Drawing  DAAA8.  The  configuration  of  the  winding  envelope  Is  shown  on  Figure  1. 
The  design  current  density  In  this  envelope  Is  constant  throughout  the  envelope 
and  Is  conservatively  low  (1.42  x 10^  A/m^}. 

The  winding  of  each  coll  Is  made  up  of  26  saddle-shaped  layers,  each  layer  con- 
taining 22  turns.  A cross-section  of  the  windings  of  the  two  coils  and  their 
winding  containment  vessels  In  the  plane  of  peak  on-axls  field  is  shown  in  Figure  2. 
Through-bolts  are  used  to  clamp  the  winding  and  substructure  in  place  in  the  con- 
tainment vessels.  After  the  windings  are  Installed,  cover  plates  are  welded  in 
place,  as  shown.  A sprlngplate  between  cover  and  winding  and  spring-shims  at  the 
inner  wall  of  the  coll  container  are  provided  to  compress  the  winding  within  the 
containment  vessel,  thus  minimizing  conductor  tsotlon  during  charging. 

Space  is  provided  at  the  outer  extremities  of  the  exit-end  cross-overs  for  layer- 
to-layer  splices  in  the  conductor.  The  winding  is  so  designed  that  layer-to-layer 
splices  are  not  required  at  the  inside  transitions.  One  splice  is  installed  within 
each  layer,  in  the  exit  -end  cross-over  region,  for  grading  purposes,  as  described 
in  Section  2. 2. 1,2. 

To  provide  room  for  power  leads  to  the  coils,  ’’dummy  layers"  of  substructure  are 
provided  in  the  exit  end  turns.  Superconducting  power  leads  extend  upward  from 
the  coils  through  the  "dummy  layers"  into  a plenum  chamber  located  just  above  the 
exit  end-turns.  Cross-connections  and  connections  to  vapor-cooled  power  leads 
leading  to  the  external  power  supply  are  made  in  the  chamber.  The  colls  are  series 
connected,  with  only  twe  vapor-cooled  leads  provided  between  colls  and  power  s jply. 

Each  coll,  with  its  substructure  Is  enclosed  in  a heavy-walled,  stainless  ste 
containment  vessel  as  described  in  Section  2.2.1. 3.  When  In  service,  the  col  i 
are  immersed  in  liquid  helium  which  fills  the  containment  vessel.  The  substi  iture 
incorporates  a system  of  passages  which  ensure  access  for  helium  coolant  to  f . i 
parts  of  the  windings.  The  substructure  system  is  designed  to  support  indiv;.-ual 
conductors  against  both  gravity  and  magnetic  forces  and  to  transmit  the  total 
accumulated  forces  to  the  walls  of  the  containment  vessel.  The  forces  are  then 
transmitted  through  these  walls  to  the  main  force  containment  structure  which  is 
external  to  the  containment  vessel  as  described  in  Section  2. 2. 1.4.  The  cable- 
type  conductor  is  a stranded  cable  as  described  in  Section  2, 2. 1.2. 
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2. 2.1. 2 Conductor 


The  conductor  consists  of  s cubic  of  vires  of  two  types!  nulti-fllencnt  nlobluo- 
tltenlun/copper  (NbTl/Cu)  nonollthlc  wire  end  copper  wire.  The  cherecterlstlcs 
of  the  cable  are  outlined  In  Figure  3 and  In  Table  IV.  The  finished  cable  con- 
sists of  7 units  where  each  unit  contains  37  strands.  Each  strand  Is  0.046  In. 
(0.11684  cm)  In  disaster  and  is  either  copper  or  NbTl/Cu  composite 

The  critical  current  for  the  cable  Is  28.700A  at  4.5  K and  7.6  T for  grade  A 
conductor,  and  at  4.5  K and  5.0  T for  grade  B conductor.  The  ratio  of  operating 
to  critical  current  Is,  then,  24,400/28,700  0.65.  The  cable  conductor  has  been 

designed  to  be  cryostat ically  stable  relative  to  the  disturbances  expected  during 
operation.  This  implies  that  sections  of  conductor  which  are  driven  out  of  the 
superconducting  state  and  into  a normal  condition  are  sufficiently  well  cooled  to 
allow  recovery  to  a superconducting  condition.  The  field  distribution  In  the 
winding  has  been  analyzed  to  allow  it  to  be  divided  Into  two  regions  for  conductor 
grading  purposes.  The  grade  A conductor  experiences  a maxlaun  field  of  7.6  T and 
consists  of  222  strands  of  NbTl/Cu  monolith  and  37  strands  of  copper  distributed 
In  the  cable  as  Indicated  In  Table  IV.  The  table  also  gives  the  wire  distribution 
for  the  grade  B conductor  which  experiences  a maximum  field  of  5.0  T and  consists 
of  108  strands  of  NbTl/Cu  composite  and  151  strands  of  copper  wire.  The  total 
conductor  weight  for  the  magnet  Is  about  1.02  x 10  ^ Kg  based  on  63,980  .:t.  (19,500  m) 
of  grade  A cable  and  75,980  ft.  (23,160  m)  of  grade  B cable. 

Each  coll  consists  of  26  layers  of  conductor  wound  In  "plates"  with  22  turns  per 
plate.  The  boundary  within  the  winding  which  separates  the  grade  A from  the  grade 
B conductor  Is  shown  In  Figure  4.  The  schedule  of  lengths  required  for  each  coil 
is  given  in  Table  V.  Conductor  delivered  to  the  winding  facility  will  be  In 
finished  lengths  corresponding  to  this  table  plus  an  allowance  for  tolerances. 

Each  end  of  each  piece  of  NbTl/Cu  monolith  wire  Is  tested  for  critical  current 
before  being  cabled  as  well  as  tested  for  dimensions,  filament  pattern,  twist 
pitch,  and  copper  to  superconductor  ratio.  Resistance  ratio  for  the  copper  wire 
used  in  the  cable  Is  tested  on  a sampling  basis  developed  as  part  of  an  overall 
conductor  quality  assurance  plan. 

Twenty-one  Joints  between  conductors  are  required  for  each  coll.  Joints  are 
located  in  the  crossover  region  of  the  winding  at  the  high  field  end  of  the  magnet. 
The  configuration  for  a typical  Joint  Is  shown  on  Drawing  D4457.  The  Joint  is 
18  inches  long  and  will  be  formed  near  the  winding  after  trial  fitting  the  con- 
ductor in  place,  marking  and  cutting  to  length.  The  cable  ends  to  be  Joined  will 
then  be  clamped  between  two  "L-shaped"  copper  sections,  drilled  and  cross-pinned, 
solder  filled,  and  placed  in  prepared  grooves  in  the  substructure.  It  is  expected 
that  the  average  Joint  resistance  will  be  about  1.5  x 10~^  H. 


2. 2. 1.3  Winding  Containment  Vessels 


The  two  winding  containment  vessels  enclose  the  two  saddle  coils  and  follow 
closely  the  contours  of  the  coils.  The  vessels  are  mounted  on  either  side  of 
the  centerline  of  the  magnet  and  seat  against  each  other  on  the  vertical  plane 
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TABLE  IV 
MAGNET  SYSTEM 

CABLE  CONDUCTOR  CHARACTERISTICS 


Grade  A 

Grade  B 

Magnetic  field  [!} 

7.6 

5.0 

NbTi  current  density  [A/ca^] 

7.22  X lO** 

1.466  X 105 

Total  strands 

259 

259 

Number  Cu  strands 

37 

151 

Number  SC  monoliths 

222 

108 

Cu/SC  ratios: 

SC  monolith 

5:1 

5:1 

Overall  cable 

6:1 

13.4:1 

Heat  Flux 

All  strands  [W/cm^]  (lOOZ  of  surface) 

0.145 

0.134 

Outer  strands  only  [W/cm^] 

1.04 

0.96 

Inner  cable  of  37  strands: 

Cu 

Cu 

Outer  6 cables  of  37  strands: 

Center,  1 strand 

mono 

Cu 

Row  number  1,  6 strands 

mono 

mono 

Row  number  2,  12  strands 

Btono 

mono 

Row  number  3,  18  strands 

mono 

Cu 

Finished  length  required  (m) 

19,  500 

23. 160 

Mass/length  (kg/m) 

2.34 

2.41 

Finished  mass  (kg) 

45.  630 

55,820 
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Fig.  A 

WINDING  CROSS  SECTION  ILLUSTRATING  GRADING 
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TABLE  V 
MAGNET  SYSTEM 

SCHEDULE  OF  CONDUCTOR  LENGTHS  REQUIRED  FOR  EACH  COIL 
(Lengths  In  meters) 


Grade  A Grade  B 


369 

686 

365 

1,362 

361 

1.350 

357 

1,338 

648 

1,177 

642 

1,020 

636 

1,010 

630 

1,000 

989 

807 

1901 

1576 

1560 

1544 

11  ;^8o 

9,750 
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through  the  centerline.  They,  are  separate  units*  Identical  In  design  except 
that  one  Is  right-handed  and  the  other  left-handed.  Cross-connections  are 
provided  to  distribute  liquid  hellun  between  the  vessels  and  to  maintain  equal 
pressures  within  then. 

The  uln  functions  of  the  vessels  are  to  maintain  the  windings  In  a bath  of 
liquid  helium  and  to  serve.  In  combination  with  the  main  structure,  as  struc- 
tural support  for  the  colls.  The  coil  containment  vessels  are  located  inside 
a vacuum  vessel  and  are  designed  for  a maximum  Internal  pressure  of  3 atmos- 
pheres with  an  external  vacuum.  The  containers  are  designed  to  carry  the 
entire  longitudinal  magnetic  force  produced  by  the  coil-ends  and  to  share  rad- 
ially outward  (vertical  and  transverse)  magnetic  loading  with  the  main  force 
containment  structure. 

A large  plenum  chamber  is  Incorporated  as  a part  of  the  coil  containment  vessels 
Just  above  the  exit  end  turns.  The  chamber  and  associated  manifolds  cross- 
connect  the  two  containment  vessels,  provide  a reservoir  for  liquid  helium 
above  the  level  of  the  windings  and  provide  access  to  the  windings  for  power 
leads,  coolant  connections,  vents  and  instrumentation.  A plenum  chamber  is 
also  incorporated  above  the  inlet  end  turns.  This  chamber,  smaller  than  the 
exit-end  chamber,  provides  access  to  the  windings  for  emergency  vent  and 
Instrumentation. 

The  coll  containment  vessels,  plenum  chambers  and  covers  are  made  of  Type  316 
low-carbon  nitrogen  stabilized  stainless  steel  (316  LN) . 


2 . 2 . 1 . 4 Main  Force  Containment  Structure 


The  major  function  of  the  force  containment  structure  (superstructure)  is  to 
hold  the  magnet  wir.Jings  in  place  against  magnetic  forces.  This  structure 
surrounds  the  coil  containment  vessels  and  is  exposed  to  the  vacuum  existing 
in  the  vacuum  vessel.  Magnetic  forces  on  the  windings  are  carried  via  sub- 
structure into  the  walls  of  the  coil  containment  vessels  and  through  them  to 
the  superstructure,  which  is  clamped  or  welded  to  them.  In  the  end-turn  regions 
of  the  magnet  the  superstructure  is  integral  with  the  coil  containment  vessels 
and  consists  mainly  of  stiffeners  and/or  gussets  welded  to  the  coil  containers. 
In  the  middle  region,  the  superstructure  consists  of  built-up  I-beams  and 
tie-bolts  clamped  around  the  coil  containers  but  not  welded  to  them. 

The  overall  design  of  the  main  force  containment  structure  is  shown  on  Drawing 
D4450.  In  the  middle  region  of  the  magnet  (between  the  end-turn  regions)  the 
main  structure  consists  of  28  rectangular  frames,  each  having  two  23  inch 
deep  built-up  I-beams  and  two  6 inch  diameter  tie  rods.  The  frames  are  designed 
to  be  assembled  around  the  winding  containment  vessels  after  the  windings  are 
installed  and  the  vessels  sealed.  The  tie-rods  have  threaded  ends  which  pass 
through  collars  welded  to  the  ends  of  the  I-beams.  Nuts  are  installed  on  the 
tie-rod  ends  and  adjusted  to  ensure  tight,  even  clamping  of  the  frames  to  the 
winding  containment  vessels.  At  the  beginning  of  end  turn  regions,  special 
beams  and  stiffeners  are  welded  in  place  after  the  containment  vessels  are 
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•««led.  Tht  «Qtir«  force  conteInBcnt  atructuro  la  designad  in  a aanner  ao 
aa  to  provide  aarliM  acceaa  to  atructurnl  welda  and  to  winding  containment 
veaael  welded  jointe  for  inapectlon  purpiaea. 

The  force  eontainnent  etructure  ia  nade  of  Type  316  low  carbon,  nitrogen 
Btablllsed  (316  LN)  atalnlcaa  ateel.  The  dealgn  bending  atreaa  in  the  I>beaas 
and  tension  stress  In  the  tie-bolts  is  60,000  pai. 

The  force  containsMnt  atructure  is  in  intimate  contact  with  the  llquid-helium- 
filled  winding  containment  vessels  and  therefore  operates  at  liquid  helium 
temperature.  Tracer  tubes  are  attached  to  outer  portions  of  structure  for 
use  in  removing  heat  during  cool-down  of  the  cold  mass  (winding,  containment 
vessels  and  superstructui*e) . 

Main  structural  members  in  the  end-turn  region  incorporate  brackets  and  pads 
to  mate  with  low-heat -leak  support  struts  (described  in  Section  2. 2. 1.6)  which 
position  the  windings,  containment  vessels  and  superstructure  (cold  mass) 
within  the  vacuum  vessel , support  the  weight  of  the  cold  mass  and  resist 
forces  which  result  from  seismic  causes  and  the  siagnet's  reaction  with  exter- 
nal objects. 


2. 2. 1.5  Thermal  Radiation  Shield 


The  thermal  radlati'>n  shield  consists  of  an  aluminum  alloy  shell  covered  with 
multi-layer  insulation,  located  within  the  vacuum  Jacket  and  forming  a thermal 
radiation  barrier  between  the  cold  mass  (winding  and  main  structure)  and  the 
warm  surfaces  of  the  vscuuro  Jacket  including  the  warm  bore  tube.  The  purpose 
of  the  shield  is  to  minimize  thermal  (radiative)  heat  transfer  from  the  warm 
walls  of  the  vacuum  Jacket  to  the  cold  mass.  The  aluminum  alloy  shell  of  the 
shield  is  maintained  at  liquid  nitrogen  temperature  by  a system  of  tracer  tubes 
attached  to  the  shell  and  supplied  with  liquid  nitrogen  from  bulk  storage.  Blan- 
kets of  multi-layer  insulation  are  attached  to  both  sides  of  the  aluminum  alloy 
shell.  The  thermal  radiation  shield  is  held  in  place  within  the  vacuum  Jacket 
by  low-heat-leak  supports  which  fasten  to  the  cold  mass.  The  tracer  tubes  on 
the  shield  are  supplied  with  liquid  nitrogen  from  a reservoir  located  in  the 
stack  at  the  exit  end  of  the  magnet  above  the  end  turns.  The  boil- off  from 
the  tracer  tube  system  is  returned  in  manifolds  at  the  top  of  the  shield  to 
the  upper  part  of  the  liquid  nitrogen  reservoir  in  the  stack.  Cold- boil  off 
gas  in  the  nitrogen  reservoir  is  carried  upward  through  tracer  tubes  in  the 
stack  to  an  atmospheric  vent.  The  liquid  nitrogen  level  in  the  reservoir  is 
maintained  automatically  by  transfer  of  liquid  from  the  liquid  nitrogen  storage 
tank  which  is  a part  of  the  cryogenic  support  system. 

The  aluminum  alloy  shell  of  the  thermal  radiation  shield  is  composed  of  a 
number  of  panels  connected  to  each  other  by  means  of  electrically  insulated 
Joints.  This  subdivision  of  the  shield  into  electrically  isolated  sections 
is  done  to  minimize  the  occurence  of  circulating  current  in  the  aluminum 
shell,  and  the  associated  magnetic  forces  that  would  occur  during  charging 
and  discharging  of  the  magnet.  The  thermal  shield  between  the  warm  bore  tube 
and  the  cold  structure  immediately  surrounding  the  bore  tube  is  similar  to 
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th«  ■hl«ld  outside  of  the  cold  mess  except  that  It  Is  supported  through  low- 
heat-leaks  supports  to  the  wam  bore  itself,  instead  of  to  the  cold  mass. 

This  permits  assembly  and  disassembly  of  the  warm  bore  tube  and  its  thermal 
shield  as  a unit,  separate  from  the  rest  of  the  magnet  assembly. 

The  thermal  radiation  shield  surrounding  the  middle  portion  of  the  cold  mass 
is  located  close  to  the  vacuum  jacket  surface  and  is  therefore  spaced  well 
away  from  the  cold  mass  and  the  main  structure  in  that  portion  of  the  magnet. 
This  permits  access  of  personnel  to  the  inside  of  the  radiation  shield  for 
inspection  of  the  cold  mass  and  structure.  Access  openings  with  covers  will 
be  provided  in  the  thermal  radiation  shield  for  personnel  to  enter  this  space. 


2 . 2 . 1 . 6 Low-Heat-Leak  Support  Struts 


Struts  of  fiber  glass  epoxy  designed  to  minimise  heat  leakage  are  used  to 
support  the  cold  mass  within  the  vacuum  jacket  and  are  the  only  structural 
connections  between  the  cold  mass  and  the  warm  structure  in  the  base  of  the 
vacuum  jacket.  Four  vertical  struts,  one  near  each  corner,  support  the 
weight  of  the  cold  mass.  Three  cross  struts,  located  in  the  base  of  the 
vacuum  jacket,  stabilize  the  cold  mass  and  restrain  motion  in  the  axial  and 
transverse  direction.  Two  of  these  stabilizing  struts  are  mounted  at  45^  to 
the  center  line  near  the  exit  end  of  the  magnet  and  serve  to  prevent  both 
axial  and  transverse  notion  of  the  cold  mass  at  that  end.  . The  single  trans- 
verse strut  near  the  inlet  end  of  the  magnet  restrains  only  transverse  motion. 
All  seven  struts  are  equipped  with  ball  joints  at  each  end.,  so  that  thermal 
contraction  of  the  cold  mass  during  cool  down  can  take  place  withoiit  Impos- 
ing any  thermal  stresses  on  the  struts.  The  strut  system  is  designed  with 
inherent  compensation  for  thermal  motion  of  the  cold  mass,  so  that  the  axial 
centerline  of  the  cold  mass  will  remain  substantially  coincident  with  the 
centerline  of  the  vacuum  jacket  in  both  the  warm  condition  and  the  cold  (cooled 
down)condition. 

The  support  struts  are  designed  not  only  to  carry  the  gravity  forces  of  the 
magnet;  but  also  to  carry  seismic  forces  and  the  forces  produced  by  magnetic 
interaction  of  the  magnet  and  the  magnetic  material  that  may  be  present  in 
the  facility  surrounding. 

Heat  leakage  from  warm  surroundings  to  the  cold  mass  through  the  strut  system 
is  minimized  by  the  use  of  fiber  glass  material  in  the  struts,  which  has  a 
very  low  thermal  conductivity.  Heat  leakage  is  further  reduced  by  heat 
stations  near  the  warm  end  of  each  fiber-glass  section.  The  heat  stations 
are  maintained  at  liquid  nitrogen  temperature  by  liquid  nitrogen  supplied 
from  the  thermal  radiation  shield  cooling  system.  The  axial  positioning 
of  the  cold  mass  is  such  that  the  vertical  centerline  of  the  cold  stack  at 
the  exit  end,  where  most  of  the  connections,  both  cryogenic  and  electrical 
are  made,  will  remain  nearly  coincident  with  the  vertical  centerline  of  the 
warm  extension  on  the  vacuum  jacket.  The  relative  motion  here,  during  cool 
down,  is  not  expected  to  exceed  1/2  inch.  The  offset  in  the  axial  direction 
of  the  warm  and  cold  stack  centerlines  at  the  inlet  end  of  the  magnet,  during 
cooldown,  will  be  approximately  m inches.  Flexible  members  will  be  placed 
in  both  stack  assemblies  to  accommodate  the  offsets  Indicated. 
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2. 2.1. 7 Vacuua  Jacket  and  Wari  Bore 


Th«  vacuum  jacket  la  a cylindrical  veaacl,  mounted  horlaontally,  with  a 
rectangular  warm  bore  extending  from  one  end  to  the  other  along  the  horizontal 
centerline.  At  the  base  of  the  vacuum  Jacket , a mounting  system  is  provided 
«;hich  accepts  the  warm  ends  of  the  lo%r- heat- leak  cold  mass  support  struts 
and  transmits  the  loads  from  the  struts » and  the  gravity  load  of  the  vacuum 
Jacket  itself » to  the  rollers  and  track  on  which  the  entire  magnet  is  mounted. 
Track  and  roll-aslde  provisions  are  described  in  Section  2.2.1.11.  The  pur- 
pose of  the  vacuum  jacket  Is  to  enclose  the  magnet  cold  mass  assembly  and 
thermal  radiation  shield  and  to  provide  vacuum  insulation  around  these  items. 
The  warm  bore  of  the  vacuum  jacket  serves  to  support  the  warm  bore  liner 
described  in  Section  2. 2. 1.8  which  in  turn  supports  the  MHD  channel.  Stacks 
are  provided  at  the  top  of  the  vacuum  Jacket  at  the  exit  end  and  inlet  end 
for  cryogenic  piping, electrical  connections  and  instrument  wiring  communicating 
with  the  magnet  winding  and  cold  mass.  Connections  are  provided  in  the  lower 
portion  of  the  vacuum  jacket  for  vacuum  (diffusion)  pumps  and  also  for  safety 
blowout  disks.  Manhole  covers  are  provided  on  the  vacuum  jacket  so  that  with 
the  internal  pressure  returned  to  atmospheric,  personnel  will  have  access  to 
the  inside  of  the  Jacket  for  inspection  purposes.  Large  sections  of  the 
vacuum  jacket  shell  on  both  sides  are  so  designed  that  they  may  be  completely 
removed  to  provide  full  access  to  the  middle  portion  of  the  cold  assembly  in 
the  event  that  major  overhaul  is  required. 

The  vacuum  Jacket  and  bore  tube  are  constructed  of  304  stainless  steel. 


2. 2. 1.8  Water-Cooled  Warm  Bore  Liner 


The  magnet  is  provided  with  a warm  bore  liner  to  protect  the  magnet  against 
.accidental  discharge  of  energetic  plasma  from  the  MHD  train  or  intense  elec 
trical  arcing  in  the  power  takeoff. 

The  warm  bore  liner  covers  the  entire  inside  of  the  magnet  bore  including 
the  end  flares  and  a portion  of  the  end-faces  of  the  magnet  vacuum  vessel 
■ s shown  on  Drawing  D4450.  The  interior  of  the  magnet  warm  bore  is  lined 
with  an  insulating  material,  such  as  NEMA  G-7  glass  reinforced  silicone, 
to  provide  insulation  between  the  warm  bore  liner  and  the  magnet  itself. 

The  metallic  water  jacket  of  the  warm  bore  liner  is  grounded  through  a 
bleeder  resistor  while  insulated  from  the  magnet.  The  warm  bore  liner 
therefore  functions  as  a ground  fault  detector  since,  if  an  electrical 
breakdown  between  the  MHD  train  and  the  metallic  parts  of  the  liner  occurs, 
the  liner  potential  %#ould  rise  above  ground  to  a level  which  could  be  used 
to  Initiate  combustor  shutdown.  The  warm  bore  liner  Itself  is  composed  of  a 
triple  wall,  plug  welded  metallic  structure,  in  which  water  is  circulating, 
covered  on  the  inside  by  an  ablative  layer  of  glass-reinforced  silicone 
insulation.  During  normal  operation,  a modest  water  flow  is  isaintalned  in 
the  metallic  structure.  This  small  flow  is  adequate  to  carry  off  any  heat 
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generated  by  the  MHD  flow  train  and  controlled  coolant  water  temperature  could 
be  utilised  to  prevent  condensation  in  the  bore  during  periods  when  the  MHD 
train  la  not  in  use.  In  the  event  of  a gas  discharge  from  the  train,  or 
heavy  electrical  arcing,  the  G-7  Insulator  is  designed  to  remain  functional 
for  a period  of  at  least  10  sec.  This  is  adequate  time  for  the  combustion 
chamber  to  be  shut  down  to  terminate  the  dangerous  situation.  It  would  then 
be  necessary  to  cut  out  and  replace  damaged  Insulation  to  restore  the  liner 
to  full  service.  This  could  be  done  in  place.  In  the  event  that  the  combustor 
is  not  shut  do%m  and  the  insulation  burns  through,  the  warm  bore  liner  is 
designed  to  provide  protection  by  failure,  i.e.  by  burning  through  the  metallic 
wall  and  discharging  up  to  200  gpm  Into  the  bore  of  the  magnet.  In  the 
event  that  this  occurs,  it  would  be  necessary  to  withdraw  the  warm  bore  liner, 
cut  out  and  replace  the  damaged  section,  and  reinstall  the  warm  bore  liner. 

Drawing  D4450  shows  the  warm  bore  liner  as  installed  in  the  bore  of  the  magnet. 

The  liner  Is  built  in  two  sections.  The  largest  section  is  Inserted  from  the 
downstream  end  of  the  magnet  and  extends  to  the  upstream  end  of  the  bore  caper. 

It  is  contoured  so  as  to  cover  completely  the  bore  as  well  as  the  opening  of 
the  aperture  In  the  magnet  end.  The  smaller  section  Is  inserted. from  the 
upstream  end  and  mates  up  with  the  larger  section  on  matching  dowels.  The 
small  space  in  between  the  two  sections  Is  filled  with  G-7  on  assembly.  All 
coolant  connections  to  the  warm  bore  liner  are  at  the  ends  of  the  magnet.  No 
water  flows  between  the  two  sections.  (See  Figures  5 and  6), 

Figure  7 shows  the  cooling  and  Instrumentation  arrangements  for  the  warm  bore 
liner.  In  normal  operation,  approximately  40  gpm  flows  through  the  liner. 

In  the  event  of  burn-through  into  the  water  passage,  this, flow  could  increase 
to  as  much  as  200  gpm.  This  Increase  in  flow  and  the  associated  drop  in 
pressure  Is  detected  and  utilized  to  activate  a warning  light  on  the  main 
control  panel  and  signal  for  shutdown  of  the  combustor. 

The  MHD  channel,  perhaps  with  the  nozzle  or  a portion  of  the  nozzle  attached, 
is  inserted  Into  the  warm  bore  liner  from  the  downstream  end  from  a dolly 
with  tracks  which  match  the  tracks  in  the  warm  bore  liner.  The  tracks  are 
carried  on  the  bore  of  the  magnet  through  jack  screws  which  protrude  through 
the  warm  bore  liner  to  contact  the  Insulation  on  the  bore.  With  these  jacks, 

It  is  estimated  that  the  tracks  can  be  leveled  to  a flatness  of  approximately 
0.100"  throughout  the  length.  Experience  with  large  MHD  generators  has 
Indicated  that  it  is  difficult  to  assure  track  flatness  to  a greater  degree 
than  0.100".  Therefore,  some  flexibility  will  need  to  be  built  into  the 
supports  for  the  MHD  channel.  The  track  is  segmented  at  a number  of  locations 
in  order  that  the  track  will  not  become  a short  circuit  path  for  electrical 
breakdown.  Bleeders  ore  utilized  to  distribute  the  voltage  over  the  track  segments. 


2. 2. 1.9  Vapor-Cooled  Electrical  Leads 


Two  helium  vaporcooled  electrical  leads  will  be  mounted  in  the  stack  at  the  exit 
end  of  the  magnet  assembly.  The  leads  will  be  designed  to  carry  the  rated 
magnet  current  of  24,4000  amperes  with  a total  flow  of  helium  coolant  not 
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Fig.  5 

WATER-COOLED  WARM  BORE  LINER  CONFIGURATION 
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Fig.  7 

V\TER-COOLED  WARM  BORE  LINER 
WATER  FLOW  SCHEMATIC 
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exceeding  2.5  grams  per  second.  At  0 current  flow  the  heat  leakage  into 
the  liquid  helium  region  of  the  magnet  through  the  vapor  cooled  leads  will 
not  exceed  35  watts,  with  approximately  1.5  grams  per  second  total  cooling 
flow  through  the  pair  of  leads.  The  leads  are  so  designed  that,  during  an 
eaaergency  discharge  of  the  magnet  from  24,400  amperes  current  they  will  not 
over-heat  dangerously  even  though  there  is  no  coolant  flowing  in  them. 

Automatic  valves  will  be  provided  in  the  discharge  piping  from  each  lead 
which,  when  combined  with  temperature  sensors  in  the  exit  end  of  each  lead, 
will  automatically  control  the  helium  gas  flow  through  the  lends  in  order 
to  maintain  the  temperature  of  the  exit  gas  at  slightly  below  room  temperature. 
Flow  meters  will  be  provided  in  the  discharge  of  each  lead  and  their  readout 
will  be  connected  to  the  magnet  control  system,  arranged  so  that  in  the  event 
of  flow  stoppage,  an  emergency  signal  will  be  transmitted  to  the  control 
station. 


2.2.1.10  Internal  Instrumentation,  Wiring  and  Piping 

Instrumentation  installed  in  the  magnet  assembly  is  listed  in  Table  VI. 

Power  leads  are  Installed  in  the  plenum  chamber  above  the  winding  containment 
vessels  at  the  exit  end,  connecting  the  two  windings  in  series  and  connecting 
the  outer  terminals  of  the  windings  to  the  lower  ends  of  the  vapor-cooled 
leads.  The  connecting  power  leads  consist  of  copper-stabilized  NbTi  super- 
conductor backed  by  extra  copper,  exposed  to  liquid  helium  coolant  and  supported. 
Piping  is  Installed  In  the  stacks  and  winding  containment  vessels  to  direct  Che 
flow  of  helium  during  cool-down,  to  permit  purging  the  bottom  of  the  containers, 
and  to  handle  helium  transfer  Into,  and  venting  out  of,  the  magnet  during 
steady-state  operation.  Piping  Is  Installed  In  the  stacks  and  In  the  vacuum 
space  to  carry  liquid  nitrogen  to  the  stack  nitrogen  reservoir  and  to  the 
thermal  shield  and  other  parts  of  the  assembly  requiring  nitrogen  cooling. 


2.2.1.11  Roll-Aside  Mechanism 


The  magnet  assembly  Is  mounted  on  a roller  and  track  system  so  arranged  Chat 
the  magnet  assembly  can  be  rolled  sideways  a distance  of  approximately  34  feet, 
to  facilitate  installation  and  removal  of  the  MHD  channel.  With  this  arrange- 
ment, It  Is  necessary  that  disconnect  flanges  and/or  short  removabJ.e  sections 
be  located  in  the  flow  train  Just  upstream  of  the  magnet  Inlet  face  and  just 
downstream  of  the  magnet  exit  face.  The  combustor,  and  major  portions  of  the 
nozzle  and  the  diffuser  are  assumed  to  be  permanently  mounted  to  foundations. 

The  disconnect  flanges/removable  sections  are  so  designed  that  when  separation 
has  been  effected,  the  magnet  and  the  MHD  channel  can  be  rolled  aside  as  a '.^nit, 
with  tht.  flanges  sliding  out  of  engagement.  The  magnet  and  channel  are  then 
rolled  sufficiently  far  to  the  side  so  that  the  channel  can  be  removed  from 
the  exit  end  of  the  magnet  without  Interfering  with  the  diffuser.  A special 
cart  will  be  provided  to  support  the  channel  as  It  is  withdrawn  from  the  magnet 
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TABLE  VI 
HAGNET  SYSTEM 

MACNET  ASSEMBLY  INSTRUMENTATION 

Voltage  neasurcBcnC  Across  each  winding  layer 

Across  magnet  terminals  below  vapor* 
cooled  leads 

Across  vapor*cooled  leads  (cold  to  warm 
ends) 

Temperature  measurement  At  10  locations  on  winding  substructure 

At  10  locations  on  main  force  containment 
structure  (superstructure) 

At  10  locations  on  winding  containment 
vessels 

At  10  locations  on  thermal  radiation  shield 
At  cold  end  of  each  support  strut 
At  Intermediate  station  of  each  support  strut 
At  uppe.  (warm)  end  of  each  vapor-cooled 
power  lead 

At  10  locations  on  superstructure 
On  each  support  strut 

Probes  at  8 levels  in  magnet  winding  coil 
containment  vessels  (for  measurement 
during  ^He  fill) 

Series  of  probes  or  equivalent  level 
indicating  equipment  for  continuous 
measurement  of  LHe  level  between  coil- 
top  and  maximum  working  level  in  helium 
reservoir  located  in  magnet  service  stack 
Equipment  for  level  measurement  in  thermal 
shield  liquid  nitrogen  reservoir  in 
service  stack 

Pressure  and  vacuum  measurement  Pressure  in  winding  containment  vessels 

Pressure  in  water-cooled  warm  bore  liner 

Flow  measurement  Gaseous  helium  exit  from  each  vapor-ccoled 

lead 

Water  to  water-cooled  warm  bore  liner 


Strain  measurement 
(strain  gages) 

Liquid  level  measurement 
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and  tranaportttd  to  a channel  overhaul  area.  A new  or  rebuilt  channel  can  be 
Inserted  into  the  magnet  bore  from  the  magnet  exit  end  and  then  the  magnet 
and  channel  can  be  rolled  back  into  operating  position  and  the  flanges  fas- 
tened . 

The  tracks  on  which  the  magnet  rolls  consist  of  structural  I-beams  fastened 
to  the  foundation  provided  in  the  fscility*  and  capped  by  flat  tracks  on 
which  the  rollers  ride.  The  edges  of  the  tracks  ere  machined  surfaces  on 
which  guide  rollers  ride,  in  order  to  keep  the  magnet  assembly  centered  on 
the  tracks.  There  are  four  sets  of  main  rollers,  one  set  under  each  of  the 
four  corners  of  the  magnet  vacuum  jacket.  The  commercial  roller  units  used 
will  have  a combined  rated  capacity  of  approximately  four  times  the  total 
weight  of  the  magnet  assembly,  thus  assuring  long  life.  Structural  members 
and  mounting  pads  will  be  provided  between  the  base  of  the  vacuum  jacket  and 
the  roller  assemblies  so  that  weights  will  be  correctly  distributed  and  so 
that  adjustment  of  the  magnet  in  the  axial  and  vertical  dimension  can  be 
nmde  during  the  initial  installation,  in  order  that  the  centerline  of  the 
warm  bore  will  be  in  its  predetermined  proper  location. 

A pair  of  double  acting  hydraulic  actuators  (telescoping  hydraulic  cylinders) 
are  provided  for  moving  the  magnet  assembly  on  the  tracks.  A cylinder  unit 
is  located  outboard  of  each  track  structure,  running  parallel  to  the  track. 

The  cylinders  are  energized  from  an  hydraulic  power  pack  mounted  with  other 

BMgnet  accessories. 

Bolddown  brackets  will  be  provided  under  the  four  corners  of  the  vacuum  jacket 
base.  The  lower  portion  of  each  hold  down  jacket  will  be  fastened  to  the 
structural  I-beam  which  supports  the  track.  The  upper  portion  of  each  bracket 
will  be  attached  to  the  magnet  base.  A flanged  joint  in  each  bracket  will  be 
so  arranged  that  its  fasteners  can  be  easily  removed  when  it  Is  desired  to 
roll  the  magnet  aside.  The  holddown  bracket  and  the  track  in  the  region  of 
the  brackets  will  be  capable  of  withstanding  forces  Including  seismic  forces 
and  magnetic  forces  that  may  result  from  reaction  of  the  magnet  with  surround- 
ing equipment. 


2.2.2  Cryogenic  Support  Equipment 


The  cryogenic  support  equipment  consists  of  the  following  major  components; 

Ref r iger ator /I iquef ier 
Compressor  package 
Liquid  helium  storage 
Gaseous  helium  storage  tanks 
Liquid  nitrogen  storage  tank 
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Cool-down  hent  exchanger 
Wam-up  heat  exchanger 

Cryogenic  systen  piping,  wiring,  inatrumentatlon 
and  control# 


The  helium  piping  for  the  cryogenic  support  equipment  Is  shown  on  Drawing 
D-4A52.  The  nitrogen  piping  for  the  cryogenic  support  equipment  Is  shown 
on  Drawing  D-4453. 

The  purpose  of  the  cryogenic  support  equipment  Is  to  cool  the  magnet  winding 
and  main  structure  from  room  temperature  to  liquid  helium  temperature,  to  main- 
tain the  cold  mass  at  liquid  helium  temperature  (and  filled  with  liquid  helium) 
for  long  periods  of  time  with  magnet  operating  at  rated  field  strength  and  MHD 
system  at  rated  power,  and  to  warm  up  the  cold  mass  to  room  temperature  in 
the  event  that  repairs  or  long  plant  shut  dotm  (se/eral  months)  are  necessary. 

The  cryogenic  support  equipment  Is  provided  with  automatic  cjntrols  so  that 
it  maintains  the  magnet  at  the  desired  operating  temperature  for  long  periods 
of  time  without  special  attention  from  operators.  The  cryogenic  support  equip- 
ment requires  the  following  utilities: 

Electric  power 
Cooling  water 
Compressed  air 

Bulk  liquid  nitrogen  (continuous  supply) 

Initial  charge  of  helium 

Makeup  helium  (not  to  exceed  1200  SCF  per  month, 
under  normal  operating  conditions) 

The  helium  refrigerator/llqulf ier , compressor  package  and  helium  storage  tanks 
operate  as  a closed-loop  refrigeration  system.  The  gaseous  helium  storage 
tanks  have  sufficient  capacity  so  that  in  conjunction  with  the  liquid  helium 
storage  tank  they  can  contain  the  entire  system  charge  of  helium  when  the 
magnet  is  warned  to  room  temperature.  Under  conditions  of  emergency  discharge 
(quench)  of  the  magnet,  helium  is  vented  through  the  emergency  vent  system  of 
the  magnet  to  atmosphere.  This  helium  is  not  recovered  and  it  will  be  necessary 
to  replace  the  lost  helium  by  purchase  from  commercial  supplier.  An  atmos- 
pheric pressure  recovery  system  for  emergency  vent  gas  Is  not  provided,  because 
the  emergency  discharge  condition  represents  an  abnormal  occurrence  not 
expected  to  happen  under  regular  operating,  startup,  and  shutdown  conditions 
of  the  magnet  system. 


2 . 2 . 2 . 1 Component  Characteristics 


The  ref rlgerator/liqulf ier  is  a mechanical  refrigeration  unit  equipped  with 
a system  of  turbo- expanders  and  heat  exchangers  capable  of  the  following  per- 
formance: 
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Liquid  helium  (gas  return  at  300  K)  125  1/hr 

Refrigeration  at  4.5  K (gas  returned  at  4.5  K)  250  W 


Helium  filtering  and  purifying  equipment  is  included  in  the  refrigeration 
unit.  Under  steady-state  operating  conditions  the  refrlgerator/llqulfier 
receives  gaseous  helium  from  the  compressor  package  at  approximately  25'5  psig 
and  delivers  liquid  helium  to  the  liquid  helium  storage  tank  at  approximately 
4.5  K and  22  psia.  Helium  gas  boil-off  from  the  storage  tank  and  magnet 
returns  to  the  refrlgerator/liquif ier  at  slightly  above  4.5  K. 

The  compressor  package  includes  oil  lubricated  screw-type  compressors, 
lubricating  system,  oil  separators,  motors, and  controls.  Under  steady-state 
conditions  it  supplies  approximately  120g/sec  (952  Ibs/hr)  gaseous  helium 
to  the  refrigerator/liquif ier  at  the  required  pressure  and  receives  return 
gas  from  the  refrigerator/liquif ier  and  magnet  vapor-cooled  power  leads  at 
slightly  above  atmospheric  pressure. 

The  liquid  helium  storage  tank  is  a vacuum- insula ted  tank  which  receives 
liquid  helium  from  the  refrigerator  and  supplies  It  to  the  magnet.  The  tank 
capacity  is  2000  gallons.  The  normal  operating  pressure  is  approximately  22 
psia. 

The  gaseous  helium  storage  tanks  store  room  temperature  helium  gas  at  pressures 
ranging  between  the  suction  and  discharge  pressure  of  the  compressor  package. 
The  volumetric  capacity  of  each  tank  is  90,000  gallons  for  a total  capacity 
of  180,000  gallons  (24,000  cu  ft.)  When  the  magnet  is  shut  down  and  allowed 
to  warm  up  to  room  temperature,  the  original  liquid  helium  inventory  of  the 
magnet  boils  off  and  becomes  helium  gas  at  room  temperature.  This  gas  is 
compressed  by  the  compressor  package  and  is  delivered  to  the  gaseous  helium 
storage  tanks  which  are  large  enough  to  hold  the  entire  helium  inventory, 
except  for  that  in  the  form  cf  liquid  in  the  liquid  helium  storage  tank. 

The  liquid  nitrogen  storage  tank  is  an  insulated  cryogenic  tank  which  receives 
liquid  nitrogen  from  the  air  separation  plant  and  supplies  it  to  the  ref- 
rigerator/liquif ier  (for  precooling  helium  gas),  to  the  magnet  thermal  rad- 
iation shield  and  to  the  tracer  lines  of  the  cold  helium  transfer  piping. 

During  cool-down  of  the  magnet  from  room  temperature,  the  liquid  nitrogen 
storage  tank  supplies  liquid  to  the  cool-down  heat  exchanger.  The  tank 
capacity  is  9000  gallons  and  its  normal  operating  pressure  is  30  psig.  A 
connection  is  provided  for  filling  from  tank  truck  to  handle  demand  during 
magnet  cool-down  and/or  when  air  separation  plant  is  not  operating. 

The  cooldown  heat  exchanger  is  a surface-type  heat  exchanger  which  employs 
liquid  nitrogen  to  cool  helium  gas  delivered  from  the  compressor  package  and 
supplies  it  to  the  magnet  for  initial  cooldown  purposes.  The  exchanger  is 
capable  of  cooling  the  full  discharge  flow  of  the  compressor  package  from 
room  temperature  to  100  K. 

The  warm-up  heat  exchanger  contains  electric  resisrance  heaters  which  heat 
cold  helium  gas  from  the  magnet  during  magnet  warm-up,  and  deliver  the 
warmed  gas  to  the  suction  of  the  compressor  package  at  approximately  room 
temperature  and  with  flow  equal  to  full  compressor  capacity. 
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Th«  cryogenic  support  tystcB  includes  all  interconnecting  piping  end  wiring 
(dc  power  bus,  instrument  wiring,  control  wiring,  etc.)  between  components 
of  the  system  end  between  the  system  and  the  magnet.  The  system  includes 
instruments  to  monitor  the  operation  of  all  components,  controls  for  start- 
up, automatic  steady-state  operation  and  shut-down  and  safety  devices  to 
protect  all  components.  An  Instrument  and  control  panel  is  mounted  in  the 
cryogenic  system  area  for  local  start-up,  operation  and  shut-dbwn  of  the 
system. 


2 . 2 . 2 . 2 System  Operation,  Steady  State 


Under  steady-state  conditions  (magnet  at  liquid  helium  temperature,  either 
cliarged  or  discharged)  the  refrigerator/liquefier  operates  continuously 
deliverylng  liquid  helium  into  the  liquid  helium  storage  tank  as  shown  on 
the  helium  system  diagram.  Drawing  D4A52. 

Liquid  helium  from  the  liquid  storage  tank  is  delivered  to  the  magnet  as 
required  to  maintain  the  liquid  level  In  the  helium  reservoir  (located 
inside  the  magnet  enclosure  above  the  winding  containment  vessels)  within 
the  design  operating  range.  Transfer  Is  controlled  automatically.  In 
reaponse  to  a liquid  level  sensor  in  the  magnet  helium  reservoir. 

Helium  boll-off  in  the  magnet  returns  in  part  through  the  vapor -cooled 
power  leads  to  the  suction  of  the  compressor  package  and  in  part  to  the 
refrigerator.  Boil-off  from  the  storage  tank  returns  to  the  refrigerator. 

The  gas  which  passes  through  the  leads  is  heated  to  room  temperature.  The 
other  returns  are  cold  (slightly  above  4.5  K)  and  are  carried  to  the  re- 
frigerator in  insulated  transfer  lines.  They  are  then  warmed  in  the  re- 

frigerator heat  exchangers  before  going  to  compressor  suction. 

The  refrigerator/liquefier  design  capacity  is  about  SOX  greater  than  that 
required  for  steady-state  magnet  cooling.  To  prevent  over-filling  the  liquid 
helium  storage  tank,  a liquid  level  sensor  in  the  tank  automatically  limits 

the  maximum  level  to  a preset  point  by  energizing  an  electric  heater  in  the 

tank. 

The  gaseous  helium  storage  tanks,  connected  in  parallel,  supply  helium  gas 
to  the  compressor  suction  when  liquefaction  rate  exceeds  boil-off.  The 
same  tanks  receive  and  store  excess  helium  gas  when  boil-off  exceeds  lique- 
faction rate. 


2 . 2 . 2 . 3 Cool-down  and  Warm-up 


Cooldown  of  the  magnet  from  room  temperature  is  accomplished  by  closed-loop 
circulation  of  helium  gas  using  the  cool-down  heat  exchanger  (see  Drawing 
D4452)  in  conjunction  with  the  compressor  package,  gaseous  helium  storage 


-37- 


SDD-503 


tanks  and  rcfrigerator/liquefler.  At  the  start  of  cooldown  the  thenaal 
radiation  shield  of  the  nagnefc  is  cooled  to  about  80K  with  liquid  nitrogen 
froB  the  liquid  nitrogen  storage  tank.  The  refrigerator/liquef ier  Is 
tenporarily  bypassed  and  helium  gas  is  pumped  by  the  compressor  package 
through  the  cool-down  heat  exchanger  and  the  magnet  windings.  In  the  heat 
exchanger,  liquid  nitrogen  supplied  from  the  nitrogen  storage  tank  cools 
the  helium  gas  to  approximately  100  K.  The  cold  helium  then  flows  through 
an  Insulated  pipe  to  the  magnet  winding  containment  vessels,  yhere  it  is 
distributed  by  manifolds  to  the  lower  portions  of  the  windings.  Cooling 
by  convection  takes  place  In  the  windings  and  substructure.  The  main  structure 
is  cooled  by  conduction  through  the  containment  vessel  walls.  The  return 
gas,  warmed  by  heat  removed  from  the  windings,  is  taken  out  through  manifolds 
In  the  upper  portion  of  the  winding  containment  vessels  and  carried  back  to 
the  compressor  suction. 

When  the  windings  and  substructure  are  cooled  to  a temperature  of  approxi- 
mately 120  K,  the  refrigerator/liquef ier  is  connected  into  the  loop  and  the 
cool-down  heat  exchanger  is  bypassed.  The  expansion  engines  of  the  refriger- 
ator/liquef ier  are  used  to  further  lower  the  temperature  of  the  helium  gas 
going  to  the  magnet.  When  the  temperature  of  the  magnet  windings  and  sub- 
structure approaches  liquid  helium  temperature,  bulk  liquid  helium  is  trans- 
ferred into  the  winding  containment  vessels  from  the  liquid  helium  storage 
tank  and/or  bulk  carriers. 

Warm-up  of  the  magnet  is  accomplished  by  closed-loop  circulation  of  helium 
gas  using  the  compressor  package  and  the  warm-up  heat  exchanger.  The  re- 
frigerator/liquef ier  is  bypassed  and  room  temperature  gas  from  the  compressor 
is  circulated  through  the  magnet  windings  and  returned  to  the  compressor 
package  via  the  warm-up  heat  exchanger.  The  latter  warms  the  gas  to  room 
temperature  from  the  lower  temperatures  at  which  it  leaves  the  magnet. 

Speeds  of  cool-down  and  warm-up  are  limited  by  the  rate  of  gas  circulation 
(compressor  capacity)  and  by  considerations  of  thermal  stress.  In  the  system 
described  here,  cool-down  and  warm-up  can  each  be  accomplished  in  less  than 
4 weeks. 


2.2.3  Power  Supply  and  Discharge  Equipment 


The  power  supply  and  discharge  equipment  consists  of  the  following  major 
components: 


Power  supply  package  (includes  rectifiers,  transformers 
and  controls) 
ac  circuit  breakers 
dc  circuit  breakers  (switches) 

Discharge  resistor  package 

The  power  supply  and  discharge  system  is  shown  diagramatically  on  Drawing 
D4454. 


-38- 


SDD-S03 


The  purpose  of  the  power  supply  and  discharge  system  Is  to  charge  the  magnet, 
to  maintain  the  magnet  at  desired  field  strength  for  long  periods  of  time 
and  to  discharge  the  magnet  under  either  normal  shut-down  or  emergency  (fast) 
shut-down  conditions.  Controls  and  a control  panel  are  Incorporated  in  the 
power  supply  package  for  local  start-up,  operation,  monitoring,  and  shut-down 
of  the  system.  Provisions  are  included  for  remote  control  from  the  facility 
control  station  and  for  tie-in  with  quench-protectlon  and  other  safety 
systems. 

Circuit  brea  ers,  both  ac  and  dc,  are  mounted  in  cabinets  adjacent  to  the 
power  supply  package.  The  ac  breakers  Interrupt  the  three  phase  input  from 
facility  power  and  have  characteristics  as  follows: 


Rated  voltage 
Rated  continuous  current 
Normal  continuous  current 
Rated  interrupting  current 


- 4.16  kV 
1200  A rms 

- 400  A rms 

- 12,000  A rms 


Normal  interrupting  current  - 5000  A rms 

Type  - Draw-out  air  circuit  breaker 


The  dc  circuit  breakers  (switches)  are  single  pole  air  circuit  breakers,  each 
having  switch  contacts  ganged  to  provide  a continuous  rating  of  24,400  A. 
These  switches  are  normally  closed.  They  are  opened  in  sequence  when  emer- 
gency discharge  is  called  for,  the  sequence  being  as  follows: 


Current  at  Opening 

Main  switch  24,400  A 

First  auxiliary  switch  10,000  A 

Second  auxiliary  switch  4,000  A 

Interlocks  are  provided  to  prevent  opening  of  the  auxiliary  switches  at  currents 
above  those  listed.  The  terminal  voltage  of  the  magnet  during  the  discharge 
sequence  never  exceeds  10  kV. 

The  discharge  resistor  package  consists  of  stainless-steel  resistor  elements 
supported  in  a high-temperature-resistant,  insulating  structure  and  immersed 
in  water  in  a non-metallic  tank  having  a capacity  of  5000  gallons.  When  the 
total  stored  energy  of  the  magnet  is  transferred  into  the  resistor  package,  the 
water  temperature  rise  will  not  exceed  90°  F.  The  tank  has  a float-controlled 
cooling  water  inlet  valve  to  maintain  (full)  water  level  automatically  with 
an  orifice  discharge  designed  for  a continuous  flow  of  50  GPM.  The  resistor 
package  functions  in  the  heat-sink  mode  during  emergency  discharge,  with  sub- 
stantially all  of  the  absorbed  energy  being  stored  in  the  resistors  and  water 
bath.  The  water  circulation  restores  the  resistor  package  to  room- temperature 
after  a discharge  has  taken  place. 

The  power  supply  and  discharge  system  characteristics  are  listed  in  Table  VII. 
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TABLE  VII 
HAGNET  SYSTEM 
POWER  SUPPLY  AND  DISCHARGE 
SYSTEM  CHARACTERISTICS 


Rated  current  24,A00  A 

Rated  voltage  108  V 

Current  regulation  2Z 

Minimum  charge  time 

0 A to  24,400  A (L  ■ 9.7  henries)  45  min. 

Minimum  discharge  time 

24,400  A to  0 A,  normal  discharge  45  min. 

Minimum  discharge  time,  emergency, 

24,500  A to  0 A <3  min. 

Discharge  resistors,  resistance 

Main  0.41  fi 

First  auxiliary  0.59  0 

Second  auxiliary  1,20  0 

Maximum  discharge  voltage  10  kV 
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2.2.3. 1 ggjp<?nf  cte£i^  ttnitisf 

Th«  pov«r  supply  psckAg*  Iheorptitatsk  t‘  lliUlsi  tUtitrollml  rcctifisr  having 
four  groups  of  thrss>phass  half-uavs  connections  in  psrallsl  through  three 
inter-phase  transfomers  as  sho«m  InDrsving  D4434.  Each  group  has  one  SCR  am 
per  phase  and  each  am  has  five  individually  fused  water-cooled  SCRa  in 
parallel.  Current  balancing  reactors  ensure  equal  current  division  in  the 
am.  The  power  supply  package  delivers  its  naxlnum  voltage  during  the  charg- 
ing period.  The  current  ramps  up  from  sero  to  its  maximum  value  during  the 
charging  period.  At  the  end  of  the  charging  periods  the  SCRs  are  phased 
back  and  the  power  supply  delivers  Just  enough  DC  voltage  to  overcome  the 
drop  in  the  connections  and  the  DC  bus  bars  (about  10  percent  of  the  maximum 
voltage) . The  power  output  of  the  supply  is  2650  kU  at  the  end  of  the  charg- 
ing period  and  is  about  300  kW  during  normal  operation. 

The  four  groups  are  supplied  frdm  the  three-phase  transfomers  each  having 
two  secondary  windings.  The  star  and  delta  connections  of  the  primary  wind- 
ings of  the  transformers  make  the  output  of  the  power  supply  a 12-pulse  DC 
output.  The  output  has  a peak-to-peak  ripple  of  3.6  percent  of  the  DC  voltage. 
As  the  inductai.ne  of  the  magnet  coll  is  very -large  there  is  practically  no 
ripple  in  the  magnet  current.  The  power  supply  is  designed  to  work  as  an 
inverter  (during  normal  magnet  dlscharxe)  to  transfer  stored  energy  from  the 
magnet  into  the  power  grid.  To  accommodate  this  feature,  the  transfomers 
have  a continuous  rating  of  2650  kVA.  Considering  the  dusty  and  waraer  than 
normal  environment  of  the  power  station  where  the  power  supply  is  intended 
to  be  used,  the  transfomers  and  rectifiers  are  totally  enclosed  in  the  cab- 
inets. The  transfomer  cabinets  may  be  provided  with  air/water  heat  exchangers 
of  suitable  capacity  in  consultation  with  the  transfomer  manufacturers. 


2.2.4  Vacuum  Pumping  Equipment 

The  vacuum  pumping  equipment  consists  of  the  following: 

Diffusion  pumps,  magnet  vacuum  vessel  (2  pumps) 

Mechanical  vacuum  pump  package,  magnet  vacuum  vessel  (2  pumps) 

Utility  vacuum  pump  package 

The  location  of  the  above-listed  pumps  in  the  facility  are  shown  on  Drawing 
04443. 

The  diffusion  pumps  and  mechanical  (fore)  pumps  connected  in  series  to  the  magnet 
vacuum  vessel  are  for  the  purpose  of  initially  evacuating  this  vessel  to  a pressure 
below  IxlCT^torr  (as  required  for  effective  thermal  insulation)  and  of  maintain- 
ing an  Insulating  vacuum  in  the  vessel  in  the  event  that  helium  leakage  dev- 
elops within  the  vessel  during  its  service  life. 

Vacuum  valves  are  Installed  between  the  vacuum  vessel  and  the  diffusion 
pumps  for  the  purpose  of  preventing  back-leakage  of  air  should  one  or  both 
of  the  pumps  fail  or  when  pumps  are  shutdown  after  a satisfactory  vacuum  is 
established.  During  initial  evacuation  of  the  room-temperature  magnet  and 
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vacuum  vassal  assembly,  leak  tests  are  made  to  ensure  that  there  are  no 
helixim  leaks.  Cool-down  is  started  after  leak-tight  conditions  are  estab- 
lished and  a vacuum  of  10***^  torr  or  better  is  established.  The  vacuum  valves 
are  then  closed,  because  cryo-pumplng  by  the  cold  surfaces  Inside  the  vacuum 
apace  will  condense  any  residual  air  leakage  or  gas  produced  by  out-gassing  of 
surfaces,  and  maintain  a vacuum  well  below  the  Initial  (pumped)  warm  vacuum. 
If,  during  operation,  small  helium  leakage  develops  and  tends -to  degrade  the 
vacuum,  the  vacuum  pumps  can  be  reactivated  and  the  valves  opened  so  that 
operation  of  the  magnet  can  continue.  The  mechanical  pumps  are  located 
remote  from  the  diffusion  pumps  in  order  that  they  may  be  In  a low  fringe 
field  zone  where  maintenance  and/or  repairs  can  be  performed  on  an  8 hour 
shift  basis. 

The  utility  vacuum  pump  package  Is  for  the  purpose  of  evacuating  and  purging 
cryogenic  support  equipment  and  maintaining  vacuum  in  the  vacuum  jackets  of 
accessory  equipment  such  as  the  refrlgerator/llquefler . 


2.2.5  Protection/Control  Equipment  and  Instrumentation 


Protection  systems,  devices  and  controls  are  provided  to  ensure  safety  of 
personnel  and  equipment  and  for  convenient  control  of  the  magnet  system. 

A quench  protection  system  Is  provided  to  sense  the  Initiation  of  a quench 
(an  abnormal  event  involving  transition  of  magnet  winding  from  superconducting 
to  resistive  mode),  and  to  actuate  automatically  an  alarm  and  a time-delayed 
emergency  (fast)  discharge  of  the  magnet.  This  system  protects  the  winding 
against  damage  due  to  resistive  over-heating.  Alarms  and  time-delayed  emer- 
gency discharge  are  provided  which  are  actuated  by  the  following  abnormal 
conditions: 

Low  liquid  helium  level  in  magnet  winding  containment  vessels 
Over-temperature  of  vapor-cooled  power  leads 
Loss  of  vacuum  in  magnet  vacuum  vessel 

Over- temperature  of  water-cooled  dc  bus  system  between  power 
supply  and  magnet 

Positive  means  are  incorporated  in  the  magnet  power  supply  to  ensure  that 
current  cannot  be  Increased  above  current  required  to  produce  6 T peak  on- 
axis  field  under  any  circumstances.  (This  is  a precaution  against  over- 
stressing magnet  structure) . 

The  following  controls  and  monitoring  instruments  are  provided  at  the  facility 
control  station. 

Controls 


Magnet  charge 
Magnet  discharge,  normal 
Magnet  discharge,  emergency 
Magnet  current  control 
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Magnet  current  (Indicate  and  record) 

VarninK  1 lent a 
Quench 

Low  liquid  helium  level  In  magnet 

Over- tempera Cure  of  vapor-cooled  leads 

Loss  of  vacuum  In  magnet  vacuum  vessel 

Over- temperature  of  water-cooled  dc  bus 

Over/under  pressure  In  winding  containment  vessels 

Low  water  pressure  in  water-cooled  warm  bore  liner 

High  water  flow  (leakage)  in  water-cooled  warm  bore  liner 

Instrumentation  provided  in  the  magnet  system  for  monitorli\g  and  control 
includes  that  listed  in  Table  VIII. 


3.0  SYSTEM  LIMITS  AND  SAFETY  PRECAUTIONS 


3.1  OPERATING  LIMITS 


Operating  limits  of  the  magnet  system  are  shown  on  Table  IX. 


3.2  HAZARDS 


Magnetic  field  (fringe  field)  produced  by  the  magnet  in  the  region  surrounding 
it  is  a potential  hazard  to  personnel  and  equipment.  This  hazard  exists  only 
when  the  magnet  is  charged.  The  extent  of  the  fringe  fields  and  precautions 
to  be  taken  are  described  in  Specification  A4A42,  attached.  It  should  be 
noted  that  the  standards  used  in  Volume  I of  this  ODER  are  less  restrictive 
than  the  ones  set  forth  in  Specification  A4A42. 


Voltage  up  to  iO  kV  exists  across  the  magnet  terminals  during  emergency  shut- 
down of  the  magnet.  Busses  leading  from  the  magnet  to  the  emergency  discharge 
resistors  are  suitably  protected  for  this  voltage.  The  main  discharge  resistor 
has  a grounded  center  tap  so  the  voltage  to  ground  does  not  exceed  8 kV.  In- 
struments in  contact  with  the  magnet  windings  are  subjected  to  these  voltages 
during  emergency  shut-dovm.  This  is  to  be  taken  into  account  in  the  design 
of  the  instruments  and  read-out  system.  Except  for  the  hazards  mentioned 
above,  no  personnel  hazards  are  expected  to  exist  in  the  Magnet  System  beyond 
those  normally  observed  in  piping  systems  up  to  300  psia  pressure,  hydraulic 
actuator  systems  (2000  pslg)  and  in  cryogenic  systems. 


3.3  PRECAUTIONS 


Precautions  against  adverse  effects  of  fringe  magnetic  fields  are  described 
in  Specification  A4442  (Appendix  A). 
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TABLE  VIII  Sheet  1 of  2 
■ MAGNET  SYSTEM 

INSTRUMENTATION,  MONITORING  AND  CONTROL 


Magnet 

Warm  Bore 


Magnetic  field  In  peak  field  region 

Pressure  In  water-cooled  warm  bore  liner 

Water  flow  rate  to  water-cooled  warm  bore  liner 


Windings 


Magnet  (coil)  current 

Magnet  (coll)  voltage  across  cold  terminals 
Winding  temperature  (for  cooldown) 

Layer  to  Layer  voltages 


Power  Leads 

Positive  current 
Positive  current 
Positive  current 
Negative  current 
Negative  current 
Negative  current 


lead  temperature 
lead  voltage  drop 
lead  gas  flow  rate 
lead  temperature 
lead  voltage  drop 
lead  gas  flow  rate 


Cryogenics  (Internal) 


Liquid  helium  level  in  winding  containment  vessels  (for  initial  fill) 
Liquid  helium  level  in  service  stack  liquid  helium  reservoir 
Pressure  in  winding  containment  vessels 
Vacuum  in  vacuum  vessel 

Liquid  nitrogen  level  indicator  in  service  stack  liquid  nitrogen  reservoir 


Structure  and  Thermal  Radiation  Shield 


Thermal  radiation  shield  temperature 
Cold  structure  temperature 
Cold  structure  strain  gauges 
Support  strut  strain  gauges 

Power  Supply 

Voltage  across  main  discharge  resistor 
Voltages  across  auxiliary  discharge  resistors 
Current  in  discharge  resistor  circuit 
Diode  temperatures 
Discharge  switch  status  indicators 
Discharge  resistor  temperatures 

Ground  fault  sensor  (current  in  main  discharge  resistor  center  tap  to 

ground) 
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TABLE  VIII  Sheet  2 of  2 


Cryogenic  Support  System 

Compressor  package  suction  pressure 
Compressor  package  discharge  pressure 
Gaseous  helium  purity 

Liquid  helium  storage  dewar  liquid  level 
Liquid  helium  storage  dewar  pressure 
Gaseous  helium  storage  vessel  pressure 
Liquid  nitrogen  storage  tank  liquid  level 
Liquid  nitrogen  storage  tank  pressure 
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TABLE  IX 

MAGNET  SYSTEM 
OPERATING  LIMITS 


MaRnet  Units 


Field » peak  on-axls 

Rated  T 

Maximum  operating  range  T 

Current 

Rated  A 

Maximum  operating  range  A 

Pressure  In  winding  containment  vessel 

Normal  operating  psla 

Maximum  design  psla 

Pressure  In. vacuum  vessel 

Maximum  operating  torr 

Normal  operating  torr 

Pressure  In  thermal  radiation  shield  coolant  tubes 

Normal  operating  psla 

Maximum  design  psla 

Pressure  In  water-cooled  warm  bore  liner 

Normal  operating  pslg 

Maximum  design  pslg 

Vapor-cooled  power  leads 

Normal  operating  temperature  at  gas  exit  end  °F 

Maximum  allowable  temperature  at  gas  exit  end 

Winding,  substructure  and  superstructure 

Maximum  allowable  temperature  differential  during 

cool-down/warm-up  ®F 

Liquid  helium  storage  tank 

Normal  operating  pressure  psla 

Maximum  design  psla 

Gaseous  helium  storage  tank 

Normal  operating  pressure  psla 

Maximum  design  pressure  psla 

Liquid  nitrogen  storage  tank 

Normal  operating  pressure  psig 

Maximum  design  pressure  psig 

Hydraulic  actuator  system 

Normal  operating  pressure  pslg 

Maximum  design  pressure  psig 


6 

0-6 


24,400 

0-24,400 


19 

45 


15 

60 


100 

150 


40 

180 


100 


21 

TBD 


270 

300 


30 

TBD 


TBD 

TBD 


-46- 


8DD-S03 


4.0  OPERATIOH 

4.1  STARTUP 


Th«  magnet  has  superconducting  windings  which  must  be  at  liquid  helium 
temperature  for  operation,  Initially,  the  windings  are  cooled  from  room 
temperature,  a process  requiring  seversl  weeks  (See  Section  4.1.1).  Once 
cold,  the  magnet  can  be  charged  and  dischar«'<*d  relatively  quickly.  The 
magnet  is  kept  cold  continuously  for  long  periods  of  time,  and  is  allowed 
to  warm  up  only  in  the  event  of  a facility  shut-down  of  several  months 
duration  or  other  unusual  circumstance. 


4.1,1  Initial  Startup 


Initial  startup  of  the  magnet  system  after  installation  or  after  warm-up  for 
extensive  overhaul  requires  a sequence  of  starting  operations  involving  both 
accessory  equipment  and  the  magnet.  These  operations  are  outlined  in  Table 
X.  It  Is  assumed  that  utilities  (cooling  water,  electricity,  cemparessed 
air,  etc,)  are  available  and  connected  and  that  pumps,  compressors,  etc.  in 
the  system  are  charged  with  lubricating  oil.  It  is  further  required  that 
bulk  liquid  nitrogen  and  liquid  helium  be  available  by  truck-delivery. 


4.1.2  Startup  from  Cold  Condition 


When  starring  the  (discharged)  magnet  from  the  cold  condition  it  is  necessary 
only  to  charge  using  the  power  supply.  (See  Table  X.)  Charging  can  be  accom- 
plished in  less  than  one  hour. 


4.2  NORMAL  OPERATING  MODE 


The  magnet  will  be  operated  continuously  at  its  rated  current  and  field  dur- 
ing all  normal  operation. 

The  magnet  system  is  capable  of  operating  continuously  at  current  and  field 
below  rated,  should  less  than  rated  field  be  desired  for  flow  train  operation. 


4.3  NORMAL  SHUTDOWN 


Normal  shutdown  of  the  magnet  involves  discharging  through  the  power  supply. 
Stored  energy  in  the  magnet  is  fed  back  into  the  facility  electiical  system 
during  normal  discharge.  Discharge  can  be  accomplished  in  less  than  one  hour. 
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TABLE  X Sheet  1 of  2 

MAGNET  SYSTEM 
STARTING  OPERATIONS 


Initial  Startup  (from  warn  condition) 


1.  Evacuate  magnet  vacuum  jacket  using  main  diffusion  pumps  and  fore  pumps. 

2.  Verify  vacuum  in  jackets  of  refrlgerator/llqulf ler,  liquid  helium  storage 
tank,  liquid  nitrogen  storage  tank  and  vacuum  Insulated  transfer  lines. 
Pump  down  with  utility  vacuum  system  if  necessary. 

3.  Evacuate  and  purge  Interiors  of  helium  and  nitrogen  storage  tanks,  piping 
systems,  heat  exchangers,  etc.,  and  fill  with  dry  gas  (helium  or 
nitrogen,  as  required) 

4.  Evacuate  and  purge  magnet  winding  containment  vessels  and  thermal  shield 
piping,  and  fill  with  dry  gaj. 

5.  Fill  liquid  helium  storage  and  liquid  nitrogen  storage  tanks  from  bulk 
transport  vehicles. 

6.  Shake-down  test  refrlgerator/liquif ier. 

7.  Cool  and  fill  magnet  thermal  radiation  shield  and  reservoir  with  liquid 
nitrogen. 

8.  Start  magnet  winding  cool-down  by  circulating  helium  gas  in  a closed 
loop  through  liquid  nitrogen  cooled  cool-down  heat  exchanger  and  magnet 
winding  container,  using  refrigerator  compressors. 

9.  When  winding  temperature  is  lowered  to  about  120  K,  connect  refrigerator 

expanders  into  the  loop  to  reduce  temperature  of  cooling  stream  below 
liquid  nitrogen  temperature. 

10.  When  winding  temperature  is  approximately  lOK,  start  liquid  helium  fill 

of  coil  containers  and  deactivate  cooldown  loop. 

11.  Change  over  refrigerator/llquifier  to  liquify  into  liquid  helium  storage 
tank. 

12.  When  liquid  level  in  reservoir  above  winding  containers  reaches  operating 
level,  change  over  to  automatic  operation  of  liquefler/refrigerator  system. 

13.  Charge  the  magnet  using  the  power  supply.  (Note:  The  initial  charging 

of  the  magnet  will  be  part  of  a magnet  system  shakedown  test  with  special 
pro^  'ures  and  use  of  diagnostic  instrumentation). 
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Startup  from  Cold  Condition 

1.  Verify  that  liquid  helium  level  in  reaervoir  above  winding  coil 
containers  ia  at  operating  level. 

2.  Charge  magnet  using  the  power  supply. 
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EMERGENCY  SHUTDOWN 


Emergency  shutdown  of  the  magnet  Is  accomplished  by  the  activation  of  circuit 
breakers  in  the  dc  power  supply  system,  causing  magnet  current  to  flow  through 
a bank  of  water-cooled  resistors  where  electro-magnetic  energy  which  was  stored 
in  the  magnet  colls  is  absorbed.  Current  and  field  are  reduced  to  10%  of 
rated  values  in  approximately  30  seconds.  Further  discharge  to  0 current  re- 
quires an  additional  2 minutes. 

Both  manual  and  automatic  activation  of  the  emergency  discharge  circuit  breakers 
are  provided  for.  Manual  operation  will  be  by  means  of  an  emergency  push- 
button at  the  main  control  station  of  the  facility.  Automatic  operation  will 
be  actuated  by  a quench  protection  system  and/or  other  sensors  as  described 
in  Section  2.2.5. 


5.0  MAINTENANCE 

5 . 1 SURVEILLANCE  AND  PERFORMANCE  MONITORING 


Instrumentation  is  provided  for  surveillance  and  performance  monitoring  in 
three  areas  as  listed  below: 

Main  Control  Room 

Major  parameters  of  magnet  and  subsystems 

Local  Control  Panels 

Refrigerator/liquefler  system 
Nitrogen  system 
Power  supply  system 
Main  vacuum  pumping  system 
Hydraulic  actuator  system 
Utility  vacuum  pump 

Special  Panels  for  Shakedown  Testing 

Magnet  parameters  significant  for  initial  (shakedown)  testing 
and  diagnostics 


5.2  INSERVICE  INSPECTION 


The  magnet  has  access  provisions  for  periodic  Inspection  of  main  s*’ructure, 
to  be  accomplished  in  accordance  with  appropriate  standards  (see  Section  1.3.1). 

The  accessory  systems  and  associated  piping,  valves  and  controls  are  subject 
to  periodic  inspection  to  ascertain  that  the  equipment  is  working  properly. 
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5.3  PREVENTATIVE  MAI.^TENANCE 


A schedule  will  be  provided  to  alert  the  operators  that  certain  pieces  of 
apparatus  need  periodic  overhaul,  maintenance,  etc.,  depending  on  the 
reconmendatlons  of  the  equipment  manufacturer. 

5. A CORRECTIVE  MAINTENANCE 

5.A.1  itenufacturer* s Instructions 


A complete  file  of  instruction  books  will  be  available  at  th*;  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment. 

If  necessary,  a representative  of  the  manufacturer  can  be  present  to  super- 
vise the  overhaul  or  replacement  of  plant  equipment. 


5, A. 2 Spare  Parts 


The  manufacturers  will  supply  lists  of  recommended  spare  parts  to  be  kept 
in  Inventory  at  the  plant.  Complex  parts  requiring  long  lead  time  for  de- 
livery will  be  included  in  the  plant  inventory. 
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SYSTEM  DESIGN  DESCRIPTION 
MAGNET  SYSTEM 

APPENDIX  "A” 
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1.  Purpose 


The  purpose  of  this  document  Is  to  define  interim  criteria  to  serve  as  guidelines 
In  providing  for  the  protection  of  personnel  and  equipment  from  adverse  effects  of 
magnetic  (fringe)  fields  in  the  ETF. 

2.  Introduction 


The  (unshielded)  superconducting  magnet  in  the  ETF  will,  when  charged,  produce 
relatively  high  DC  magnetic  fringe  fields  in  the  region  around  it^  Specifically, 
fields  between  1 and  2 tesla  will  exist  close  to  the  outer  surface  of  the  magnet 
enclosure  and  fields  of  C.0003  tesla  (8.3  times  the  earth's  magnetic  field)  will 
exist  at  a distance  of  270  feet  from  the  magnet.  The  field  decreases  exponentially 
as  one  moves  away  from  the  magnet,  dropping  off  approximately  as  the  reciprocal  of 
the  distance  cubed  in  regions  remote  from  the  magnet. 

The  use  of  shielding  to  reduce  fringe  fields  of  large  magnets  has  been  investi- 
gated. Results  indicate  chat  shielding  of  the  entire  magnet  assembly  to  reduce  fringe 
fields  to  very  low  levels  is  prohibitively  expensive. 

With  the  magnet  not  shielded,  relatively  large  forces  will  be  produced  by  the 
Interaction  of  fringe  fields  with  magnetic  material  located  near  Che  magnet.  Objects 
of  such  material,  not  adequately  secured,  will  be  accelerated  toward  the  magnet  and  may 
become  dangerous  missiles.  The  functioning  of  many  types  of  equipment  will  be  adverse- 
ly affected  by  the  near  fringe  fields.  This  specification  establishes  interim  exposure 
limits  for  personnel,  guidelines  for  the  location  of  electrical  accessory  equipment 
in  relation  to  the  magnet,  and  procedures  for  determining  the  magnetic  force  inter- 
action between  ferromagnetic  structures  and  the  magnet. 

The  most  practical  and  economical  means  of  coping  with  fringe  fields  appears  to 
be  the  separation  of  personnel  and  sensitive  equipment  from  the  magnet  by  appropriate 
distances,  as  specified  later  herein.  The  use  of  local  shielding,  for  example  around 
a particular  item  of  equipment  or  a control  station,  may  be  appropriate  in  cases  where 
remote  location  is  Impossible  or  has  serious  disadvantages. 

3.  Personnel  Exposure  Limits 

In  the  past,  personnel  exposure  to  DC  magnetic  fields  equivalent  to  the  ETF 
fringe  fields  has  occurred  on  many  occasions  with  no  observed  adverse  effects. 

However,  there  has  not  yet  been  sufficient  experience  and  medical  investigation  to 
serve  as  the  basis  for  any  final  personnel  exposure  criteria. 

The  interim  standards  presented  below' are  based  on  recommended  standards  Included 
in  a letter  from  Dr.  Edward  L.  Alpen,  University  of  California,  to  Dr.  Kenneth  R.  Baker, 
ERDA,  dated  July  23,  1979.  They  are  Intended  to  serve  as  preliminary  guidelines 
during  the  ETF  conceptual  design  stage  and  are  subject  to  change  as  more  information 
and  experience  are  accumulated. 
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The  standards  are  limited  to  constant  DC  fields  because  the  rate  of  change  of 
field  during  charging  and  discharging  of  the  magnet  Is  so  slow  that  It  la  not  a 
significant  factor  affecting  personnel  or  equipment.  Rapidly  cycling  magnetic 
fields  cannot  be  produced  by  the  ETF  magnet  systea. 

Interim  Standards  for  Personnel  Exposure  to  Magnetic  Fields  (ETF) 

a.  Limits  for  Approved  Personnel 

Magnetic  Field 
Not  Exceeding 
(tesla) 

Exposure  for  entire  work-days  0.01 

(8  hour  work-days,  5 days  per  week) 

Exposure  for  1 hours  or  less  per  work-day  0.1 

Exposure  for  10  minutes  or  less  per  work-day  0.5 

b.  Limits  for  Others 

Unapproved  personnel  shall  be  limited  to  areas  where 
magnetic  field  Is  less  than  O.OOpS  tesla' (no  time  limit). 

c.  Fringe  Field  Zones 

Estimated  boundaries  of  0.5  T,  0.1  T,  0.01  T and  0.0005  T zones 
around  the  installed  ETF  magnet  are  shown  on  Dwg.  D444A. 

d.  Approved  Personnel 

Prior  to  the  Initial  charging  of  the  magnet,  all  facility  personnel  and 
others  who  may  be  expected  to  approach  the  charged  magnet  closer  than  the 
0.0005  tesla  perimeter  shall  be  given  a medical  examination  to  determine 
that  they  are  In  good  health  and  do  not  have  any  implanted  devices  (pace- 
makers or  other  such  devices)  that  may  be  adversely  affected  by  magnetic 
fields.  Approval  for  exposure  to  fields  between  0.00C5  tesla  and  0.01 
tesla  and  for  exposure  to  higher  fields  within'  the  limits  of  Section  (a) 
above,  shall  be  based  on  that  examination,  and  on  reexaminations  at 
appropriate  Intervals. 

e.  Use  of  Tools  and  Equipment  by  Personnel 

Hand  tools  and  portable  equipment  for  use  inside  the  0.01  tesla  perimeter 
shall  be  only  such  items  as  are  specifically  approved  by  the  facility 
supervisor  for  such  use  (non-magnetic  and/or  determined  to  be  suitable 
for  use  in  the  presence  of  high  fields). 
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Th«  facility  in  the  vicinity  of  the  magnet  shall  have  appropriate  caution  elgna, 
rope  barrlera,  colored  lines  and/or  other  means  permanently  installed  to  identify 
areas  where  fields  above  0.0005  tesla,  0.01  tesla,  0.1  tesla  and  0.5  tesla  will  exist 
when  the  magnet  is  charged. 

4.  Effect  on  Equipment  Function 

DC  magnetic  fields  such  as  will  exist  around  the  ETF  magnet  may  have  serious 
adverse  effects  on  the  functions  of  equipment  with  moving  parts,  electrical  devices, 
instruments  and  controls.  In  most  cases,  the  maximum  field  in  which  any  particular 
item  will  operate  without  suffering  adverse  effects  can  be  determined  only  by  test 
and/or  experience.  When  equipment  is  purchased,  the  equipment  suppliers  should  be 
requested  to  specify  the  maximum  field  in  which  the  equipment  can  be  operated  safely 
and  without  adverse  effect  on  performance.  However,  very  little  experience  or  test 
data  is  available  to  date  and  suppliers  may  be  unable  to  specify  environmental  field 
limits. 

The  table  below  is  intended  to  provide  general  guidelines  for  initial  planning 
or  the  ETF  facility  with  respect  to  environmental  field  limits  for  equipment. 


Tentative  Guidelines 


Environmental  Magnetic 
Field  Limits  for  Equipment 
Instruments,  etc. 


Environmental  Field  Limits 

(tesla) 

Maximum 

Recommend  ed 

(functional) 

(to  allow  for' 

personnel  access 

LHe  storage  tank 

Note  1 

0.05 

Liquef ier/refrlgerator 

0.05 

0.01 

Refrigerator  compressor  package 

0.05 

0.01 

Liquid  nitrogen  storage  tank 

Note  1 

0.05 

Gaseous  helium  storage  tank 

Note  1 

Note  2 

Cool-dcwn  heat  exchanger 

Note  1 

0.05 

Warm-up  h'^at  exchanger  * 

Note  1 

0.05 

Mechanical  vacuum  pump 

0.05 

0.01 

Diffusion  pump 

Note  1 

Note  2 

Dump  resistor 

Note  1 

0.05 

Circuit  breakers 

T.B.D. 

0.01 

Rectifiers  and  diodes 

T.B.D. 

0.01 

Transformers 

T.B.D. 

0.01 
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Power  tupply  controls 
Ametere 
Volt  Mtere 

Flov-ieetere  (float  type) 

Traneduccre,  preaeure 
Transducers,  linear 
Therstocouples 
Strain  Gages 
Recorders 

Note  1 No  limit  on  environmental  field  from  functional  standpoint.  However, 
forces  on  ferromagnetic  parts  must  be  considered  (See  Section  5). 

Note  2 It  is  not  expected  that  personnel  access  will  be  required  when  magnet 
is  charged. 

Note  3 Strain  gage  systems  may  require  compensation. 


T.B.D. 
T.l.D. 
T.B.D. 
T.B.D. 
T.B.D. 
T.B.D. 
No  limit 
Note  3 
T.B.D. 


T.B.D. 


5.  Magnetic  Force  Interactions  - 

Magnetic  force  interactions  between  the  charged  magnet  and  magnetic  materials 
close  to  the  magnet  will  be  quite  large.  For  example,  a one  cubic  foot  sphere  of 
steel  located  beside  the  magnet  and  20  ft.  from  its  centerline  would  be  attracted 
to  the  magnet  by  a force  of  over  2 short  tons.  By  rough  approximation,  this  force 
drops  off  Inversely  as  the  fourth  power  of  the  distance  from  the  magnet.  At  AO  ft., 

Che  magnetic  force  on  the  sphere  of  steel  will  be  about  equal  to  its  weight.  (A90  lbs.) 
The  estimated  maximum  attractive  force  on  a mild  steel  block  (expressed  as  ratio  of 
magnetic  force  to  gravity)  versus  distance  from  the  ETF  magnet  center  is  shown  by  the 
curve  on  Figure  1. 

Guidelines  for  equipment  and  structure  close  to  the  magnet  are  as* follows: 

a.  Flow-Train  Components 

The  combustor,  nozzle,  channel,  diffuser  and  associated  piping  and 
structure  should  be  made  of  non-magnetic  material. 

b.  Coal,  Slag  and  Seed  Systems;  Heat  Recovery  System.  Piping,  etc. 

Components  of  coal,  slag  and  seed  systems,  heat  recovery  s^ystem  and 
other  items  of  equipment  that  are  less  than  70  ft.,  from  the  magnet  center- 
line  (l.e.  - in  zone  of  0.1  "g"  or  greater)  and  are  of  ferromagnetic 
material  should  be  designed  to  take  account  of  magnetic  loading  in  addition 
to  other  types  of  loading. 

c.  Structure 


Facility  structure  and  other  facility  items  including  overheat  crane  com- 
ponents, etc.  that  are  less  than  70  ft.  from  the  magnet  centerline  should 
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b*  designed  to  take  account  of  magnetic  loading.  Rough  estimates  of  the 
maximum  attractive  force- on  small  magnetic  objects  (<  500  lbs)  located 
well  away  from  the  magnet  (>  70  feet)  may  be  made  using  the  curve  on 
Figure  1.  For  larger  and/or  closer  objects,  more  accurate  means  for 
load  determination  are  generally  necessary,  considering  both  force  and 
torque  Interactions  and  taking  into  account  the  magnetization  characteris- 
tics and  geometry  of  the  object.  In  such  cases,  the  MHD  Magnet  Group, 
Francis  Bitter  National  Magnet  Laboratory,  Massachusetts  Institute  of 
Technology  should  be  contacted. 
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1.0  FUNCTION  AHD  DESIGN  REQUIRE«NTS 

This  docuntnt  describes  the  Hest^RecQvery/Seed>Recovery  (HR/SR)  System  shown 
on  the  System  Hest-  end  Mass*‘Belance  drawing  8270~l-540-314'’001.  Thia 
document  includes  equipment  and  piping  requirements,  design  criteria, 
component  descriptions,  system-function  descriptions,  descriptions  of 
interfaces  with  other  systems,  descriptions  of  operating  modes,  and  safety 
and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  functional  requirements  of  the  Heat-Recovery /Seed-Recovery  System  are  to: 

1)  utilise  the  energy  stored  in  the  gases  exhausting  from  the  MHD 
power  train; 

2)  control  the  MHD  power  plant  emissions;  and 

3)  recover  the  seed. 

The  Heat-Recovery/ Seed-Recovery  System  uses  design  practices  for 
conventional  fossil-fired  steam  plants  wherever  possible  to  meet  the  ETF 
functional  requirements.  It  consists  of  a Boiler  and  a Particulate  Control 
System.  The  Boiler  utilises  the  heat  for: 

1)  generating  steam  to  power  turbines  to  drive  the 
electric-power  generator  .rnd  compressors, 

2)  preheating  the  MHD-power-train  oxidant,  and 

3)  aiding  in  preheating  the  boiler  feedwater. 

The  Boiler  resembles  a conventional  fossil-fired  boiler  which  has  had  the 
burner  replaced  by  the  MHD  Power  Train.  It  generates  steam  in  a furnace 
similar  to  the  conventional  radiant  furnace.  Steam  is  also  generated  in  the 
MHO  diffuser  and  transition  section  cooling  jacket.  The  ETF  boiler 
Superheats  and  reheats  steam.  It  incorporates  an  economiser  to  utilize  some 
of  the  available  low-grade  heat  to  preheat  the  boiler  feedwater.  However, 
the  ETF  economizer  provides  less  heat  recovery  than  in  a conventional  power 
plant,  because  much  of  the  feedwater  heating  is  accomplished  by  cooling  the 
MHD  combustor  and  channel. 

The  Boiler  also  contains  the  Intermediate  Temperature  Oxidant  Heater  (ITOH) 
in  which  the  flue  gas  heats  the  oxidant  (enriched  to  30  mol  X O2)  provided 
by  the  Oxidant  Supply  System  before  the  oxidant  is  piped  to  the  MHD 
combustor. 

The  Boiler  assists  in  controlling  the  plant  emissions  and  recovering  the 
seed.  To  do  this,  it  must  provide  the  proper  conditions  for  the  completion 
of  various  chemical  reactions  while  the  flue  gases  cool. 
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Th«  flu*  g«$  «nt«Tlnf  the  Boil«r  containi  large  anounta  of  oxidea  of  nitrogen 
(NO,^)  aa  a reault  of  the  hi^^teaperature  in  the  MHD  coabuator,  The 
Boiler  cheaically  reducea  the  NO,^  by  aaintaining  the  flue  get  in  a 
reducing  ataoaphere  at  the  proper  temperature  and  atoichiometry  (air**to-fuel 
atoichiometric  ratio  (SR)  ■ 0.90)  for  the  tiae  required  to  allow  the  NO]( 
to  decay  to  below  the  EPA'a  power-plant  effluent  liaita.  Thia  function  ia 
perforaed  in  the  entrance  aection  of  the  radiant  boiler  known  aa  the 
N0j|-Control  Furnace. 

The  reducing  ataoaphere  required  for  the  NO^  reduction  proceaa  containa 
unburned  gaaea  which  auat  be  burned  prior  to  releaae  to  the  ataoaphere.  Thia 
ia  perforaed  in  a ascond  radiant-boiler  aection  known  aa  the  Afterburner. 

The  coad>uation  of  the  unburned  gaaea  auat  be  completed  in  a manner  that 
ainiaixea  the  formation  of  NOj^.  The  final  SR  muat  be  greater  than  1.0  to 
enaure  the  formation  of  rather  than  the  other  compounda. 

Foraation  of  K2SO4  ia  required  to  meet  the  SO2  eaiaaion  atandarda  and 
to  recover  the  aced  in  a uaable  fora. 

A aignificant  percentage  of  aeed  from  the  flue  gaa  ia  removed  in  the 
boiler.  Both  aeed  and  alag  condenae  on  the  heat-tranafer  aurfacea  and  are 
collected  at  the  bottom  of  varioua  chaabera  in  the  boiler.  Becauae  it  ia 
uneconoaical  to  recover  aeed  which  haa  diaaolved  in  alag,  the  boiler  auat  be 
deaigned  to  phyaically  aeparate  the  collection  aonca  of  the  two  aubatancea. 
Although  thia  ia  not  entirely  poaaiblc,  the  lower  condenaation  temperature 
of  the  aeed  doea  reault  in  a preferential  collection  of  the  alag  on  the 
radiant  boiler  walla  and  of  the  aeed  on  the  convection  heat-tranafer 
aurfacea. 

An  electroatatic  precipitator  (ESP)  completea  the  functiona  of  eaiaaions 
control  and  aeed  recovery  by  capturing  the  solidified  fly  aah  and  aeed 
particles  entrained  in  the  flue  gases  leaving  the  boiler. 

1.1.1  Design  Rationale 

The  design  rationale  is  to  employ  conventional  power-plant  design  practice 
and  to  digreas  only  where  necessary,  thereby  minimizing  design  time,  cost, 
and  engineering  development. 

The  steam-generating  unit  selected  for  the  HR/SR  system  is  a balanced  draft, 
drum-type  radiant  boiler.  The  heat  absorption  equipment  in  the  boiler 
consists  of  a wet-bottom  water-cooled  furnace,  superheater,  reheater, 
intermediate  temperature  oxidant  heater,  and  high  temperature  economizer. 

The  final  stage  of  solids  reaoval  is  handled  by  an  electroatatic 
precipitator  (ESP).  Figure  1 shows  the  HR/SR  coaponents. 
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1.2  SYSTEM  INTERFACES 

Th«  HR/SR  Systra  interface!  with  other  taajor  ayetema  in  the  plant.  Figurca 
2a  and  2b  ahow  HR/SR  aubaysteoia  and  their  interface!  with  the  other  plant 
ayatem.  Table  1 liata  the  interface!  and  deacribea  the  interface 
connect iona. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  presaure  and  temperature  ratings,  gas  purity,  and 
systems  design  and  operation  limits  used  to  select  and  design  the  required 
components.  Engineering  design  criteria  are  in  accordance  with  applicable 
codes,  standards,  regulations,  and  guinea  issued  by  governmental  agencies 
and  recognised  standards  organisations. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organisations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  Aiaerican  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (aWS) 

5.  Manufacturers  Standardisation  Society  of  the  Valve  and 

Fittings  Industry  (MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  National  Electric  Code  (NEC) 

11.  National  Electrical  Manufacturer's  Association  (NEMA) 

12.  American  Institute  of  Steel  Construction  (AISC) 

13.  Steel  Structures  Painting  Council  (SSPC) 

14.  American  Concrete  Institute  (ACI) 

1.3.2  Design  Parameters 

1.3. 2.1  Input  to  the  HR/SR  System 

The  input  to  the  HR/SR  System  is  the  exhaust  gas  from  the  MHD  combustor 
power  train.  The  combustor  burns  Montana  Rosebud  coal  (dried  from  a nominal 
22.7  to  3Z  moisture)  with  oxygen*enriched  air  (30  mol  X oxygen).  The 
stoichiometric  ratio  (SR)  of  the  gas  entering  the  HR/SR  boiler  is  0.90. 

(See  Page  7 of  Reference  I (SDD-502)  in  Appendix  A.) 
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1.3. 2. 2  NOx-ConCrol  ParuMttrs 

A gaa  ttoichioMtric  ratio  of  0.9  at  tha  HR/SR  inlat  wai  aitabliahad  aa  tha 
aconoaical  lowar  Uaiit  raquirad  to  achiava  tha  NO^  aquilibriua  valuaa 
raquirad  to  «aat  anvironaantal  atandarda.  Thia  coaproaiiaa  valua  yialda  low 
fomation  of  NO^  in  tha  powar  train  with  optimum  channal  parforouinea. 

NO^  ia  raducad  by  holding  tha  hot  furnaca  inlat  gaaaa  at  high  tamparatura 
lavais  for  mora  than  two  aaconda.  Tha  ETF  daaign  providaa  for  approximataly 

1.3  aaconda  of  raaidanca  tima  for  tha  gaa  abova  3200°F,  and  2.2  aaconda 
total  abova  28CO^F.  Tha  avaraga  gaa  valocity  through  tha  furnaca  ia  hald 
balow  around  24  ft/aac.  to  provida  thia  raaidanca  tima.  (Thia  ia  an  axampla 
only;  tha  actual  valua  ia  datarmined  by  tha  boilar  daaign.) 

Tha  gaa  tamparatura  ia  limitad  to  2900^F  max.  at  tha  diacharga  of  tha 
NOy-Control  Furnaca  aaction  of  tha  radiant  boilar.  At  2900^F  all  NO,, 
raduction  raactiona  hava  aaaantially  atoppad  and  tha  aquilibrium  valuaa  of 
NO^  concantration  ara  wall  balow  tha  EPA  limit  of  400  ppm. 

1.3. 2. 3 Convaction-Paaa  Cat  Valocity 

Tha  gaa  atraam  in  tha  convaction  paaa  carriaa  ralativaly  larga  amounta  of 
particulata  aolida  formad  by  tha  condanaation  and  aolidif ication  of  the 
fly-aah  and  aaad  material.  Maximum  gaa  valocity  limitad  to  about  35  or  45 
ft/aac  to  minimixa  aroaion  problems  in  tha  HR/SR. 

1.3. 2. 4 Recirculation  Ratio 

A circulation  ratio  of  about  4 or  5 to  1 ia  chosen  to  put  the  HR/SR  furnace 
in  an  operating  regime  similar  to  that  used  for  a coimnercial , 2085  paia 
drum-type  boiler.  Water  recirculation  pumps  ara  used  to  maintain  the  proper 
distribution  of  flow  between  the  Boilar  and  the  Diffuser  and  Transition 
Section  Coolant  Jacket. 

1.3. 2. 5 Scad  and  Ash  Fraction  Deposition 

The  daaign  of  the  HR/SR  allows  for  coal-aah  and  se^td  material  to  leave  the 
gaa  etream  at  three  collection  points  of  the  HR/SR  system.  Table  2 lists 
the  best  engineering  estimates  of  tha  ANL  ETF  Subproject  Office  on  the 
proportioning  of  this  solid  material  between  the  three  collection  points. 

The  values  in  Table  2 are  in  good  agreement  with  those  of  B4W  in  Reference  3 
(see  Appendix  A).  However,  theoretical  arguments  in  Rafarence  2 bring  these 
ratios  into  question.  Thus,  these  numbers  are  left  unresolved  pending 
experimental  data. 

1. 3.2.6  Pressurjs,  Tamparatures , and  Mass  Flow  Rates 

The  design  pressures,  tamparatures,  and  flow  rates  are  in  accordance  with 
tha  sys :em  heat-  and  sMsa-balanca  drawing  8270-1-540-314-001.  Air  and 
oxidant  pipe  sising  is  based  on  pressure  drop,  as  a percent  of  normal 
(design)  prassuia,  as  determined  from  an  economic  study  with  turbine  Valves 
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TABLE  2 

SAtd-E—oyl/Aih-Rfovl 


Solid*  Collection 

X of  Total 

Input  Haterial 

Point  Location 

Aeh 

Seed 

Purnaco  Bottoa 

50 

approx.  0 

Convectiva-Paai  Hopper 

5-15 

45 

Electroetetic  Precipitator  Hopper 

:»5-45 

55 
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Widt  Open  (VWO)  and  vith  tha  KR/SR  ataaa  ouclata  at  Maxiau*  Continuoua 
Ratine  (HCR)  conditiona.  Staas  velocity  la  United  to  1»000  feat  par  ninuta 
par  inch  of  internal  dianatar. 

1. 3.2.7  Staaa  Paranatara 

Tha  High**Preaaura  Turbina  inlet  atean  conditiona  are  1000°F  and  ISIS 
paia.  Feedwater  punpa  and  aaaociatad  valvaa  and  piping  control  tha  inlet 
praaaure  while  apray  attanparation  controla  (linita)  the  inlet  tanparatura. 
(The  Unit  of  lOOO^F  ia  baaed  on  induatry  accepted  temperature  Umita  for 
acceptable  creep  in  tha  boiler  tubaa  over  the  life  of  the  plant  and  the 
acceptable  matariala  atrangth  of  conventional  plant  turbine  bladea  and 
aaala.  The  praaaure  limit  ia  datamined  by  the  minimum  aiie  of  lat**atage 
turbine  bladea  in  a readily  available  turbine-generator  of  thia  capacity.) 

1.3. 2. 8 Oxidant  Temperature 

The  Oxidant  outlet  tanparatura  Unit  ia  llOO^F.  (Thia  waa  aatabliahed  on 
the  baaia  of  aatiiMted  acceptable  rataa  of  corroaion  of  metal  walla  operated 
in  the  praaenca  of  aulfur  compounda.) 

1.3. 2. 9 Afterburner  Stoichiometric  Ratio 

The  atoichiometric  ratio  in  the  afterburner  ia  1.05.  (A  value  greater  chan 
1.0  ia  required  to  meet  EPA  requirementa  for  CO  and  hydrocarbona  and  to 
prevent  exceaaive  corroaion  of  the  bare-metal  alagging-walla  of  the  Radiant 
Boilar*a  aecond  aaction  (the  Afterburner)  and  aubaequenc  downatream 
componenta.  The  SR  of  1.05  ia  aelected  to  ensure  formation  of  K2S0^,  to 
minimixe  (a)  the  formation  of  KOH  and  K2S,  (b)  the  reformation  of 
K2C0^'»S02i  and  (c)  other  unwanted  compounds  of  aulfur,  and  to  maximize 
CO  burnout. 

1.3.2.10  Spray  Attemperation 

Spray  attemperation  at  the  inlet  to  Che  final  stage  of  Che  reheatar  and 
superheater  ia  minimal.  (Thia  minimizes  plant  efficiency  loss.  A nominal 
2-3X  of  steam  by  weight  is  adequate  Co  yield  the  80t  of  steam  flow  design 
control  point  for  spray  attemperation,  yet  minimize  Che  loss  in  cycle 
efficiency  from  i'sheatar  spray  attemperation. 

1.3.2.11  Flue-Caa  Exit  Temperature 

The  HR/SR  cleaned  flue-gas  outlet  temperature  ia  4S0*’F.  (This  was 
selected  in  order  Co  achieve  reasonable  coal-drying  gas  flow  races  and  heat 
input  to  the  Afterburner  Air  Heater.) 
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2.0  DESIGN  DESCRIPTION 


Tha  Haat-Racovary/Stad-Racovtry  Syttaa  coniiats  of  two  major  aubayataaw: 

1)  tha  Boilar 

2)  tha  Particulata  Control  Subayatan. 

2.1  SUHMARY  DESCRIPTION 

Tha  Boilar  parforma  all  of  tha  functiona  of  tha  HR/SR  Syatam  axcapting  thoae 
of  load  racovary  and  particulata  control  which  ara  aharad  with  the 
Particulata  Control  Subayatan.  Moat  components  of  the  Boilar  contain  the 
flue  gaa  and/or  tranafar  heat  from  the  flue  gas  to  tha  MHO  oxidant  or  tha 
staam  supply  for  tha  turbines,  but  tha  conponanta  must  ba  configurad  and 
integratad  so  that  tha  aidtaust  gas  procasaing  functiona  ara  also 
accompliahad. 

Tha  major  components  of  tha  Boilar  are: 

N0](~Control  Furnace  (lower  section  of  Radiant  Boilar) 

Aftarburnar  (upper  section  of  Radiant  Boilar,  and  air  "bustle"  or 
’Vindbox" ) 

Convection  Pass  Enclosure 

Staam  drum,  recirculating  pumps,  and  piping 

Superheater  and  attemperator 

Reheater  and  attemperator 

Intermediate  temperature  oxidant  heater  (ITOH) 

High  temperature  economiser 
Soot  blowers 

The  MHD  exhaust  gases  (flue  gases)  enter  near  the  bottom  end  of  the  radiant 
boiler,  exit  from  its  top,  and  then  flow  throu^  radiant  and  convective 
passes  containing  the  superheater,  reheater,  intermediate  temperature  oxi- 
dant heater,  and  high-temperature  economizer.  Saturated  steam  is  generated 
in  the  walls  of  the  Radiant  Boiler  and  also  in  the  walls  of  the  MHD 
power-train  diffuser  and  transition  section.  The  conventional  steam  drum 
configuration  is  used  for  separating  the  steam  from  the  recirculating 
water.  Special  considerations  are  made  in  the  design  of  the  recirculating 
water  syatem  to  ensure  adequate  cooling  of  the  diffuser  and  transition 
section.  Steam  heating  in  the  superheater  and  reheater  is  conventional,  but 
the  design  of  these  components  accounts  for  corrosion  and  fouling  problems 
caused  by  the  heavy  seed  loading  of  the  flue  gsses.  Spray  attemperators  are 
used  to  control  and  maintain  superheat  and  reheat  steam  outlet  temperature 
below  lOOO^^F  at  the  higher  power  Icvela. 

The  Intermediate  Temperature  Oxidant  Heater  (ITOH)  receives  oxygen-enriched 
air  from  the  Oxidant  Supply  System  and  preheats  it  to  llOO^F  for  use  in 
the  MHD  combustor. 
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‘ni*  Boilir  controls  plant  oaissions  and  racovars  tha  saad.  In  ordar  to  do 
this,  it  aaitt  provida  tha  propar  conditions  for  tha  conplation  of  a variaty 
of  chaaical  raactions  during  tha  cooling  of  tha  flua  gasas.  Oxidas  of 
nitrogen  (NO,)  ara  present  in  tha  flua  gas  as  a result  of  the  high 
tanparatura  developed  in  tha  MHO  coabustor.  While  tha  concentration  of 
NO,  is  liaitad  by  operating  tha  HHD  combustor  with  excess  fuel,  it  would 
still  exceed  tha  amission  standard  if  it  ware  not  reduced  in  tha  Boiler. 
Reduction  is  accomplished  by  configuring  the  NO,-*Control  Furnace,  tha 
lower  section  of  the  Radiant  Boiler,  to  control  tha  cooling  rata  of  tha  flue 
gas  so  that  a low  equilibrium  NO,  value  is  approached  prior  to  tha  time 
whan  tha  gas  reaches  the  tamparatura  (approximately  2900^F)  at  which  the 
reduction  reactions  ara  frosan. 

The  ccmpletion  of  combustion  of  the  exhaust  gases  to  eliminate  unburned 
hydroc*;rbona  and  carbon  monoxide  is  accomplished  in  the  Afterburner  (upper 
portion  of  the  radiant  boiler)  using  preheated  air  from  the  Afterburner  Gas 
Supply  System.  Mixing  is  provided  by  a set  of  nosxles  which  are  fed  by  a 
windbox  that  encircles  the  furnace.  The  Afterburner  must  be  designed  to 
complete  combustion  and  avoid  temperatures  sri^ich  would  reform  NO,.  (The 
design  avoids  local  sones  having  a reducing  atmosphere  which  would  cause 
corrosion  oi  the  superheater  and  other  heat  exchange  surfaces.) 

Sulfur  dioxide  (SO2)  emissions  are  controlled  in  the  ETF  by  reaction  of 
the  sulfur  with  the  potassium  in  the  seed.  These  reactions  occur  as  the 
flue  gas  cools  in  the  radiant  boiler.  The  amount  of  afterburner  air  is 
adjusted  to  maximize  the  formation  of  K2S0^,  rather  than  other  potassium 
c ompound  s . 

The  N0,-Control  Furnace  (the  lower  section  of  the  Radiant  Boiler)  is 
designed  to  have  slagging  walls  and  the  afterburner  walls  are  designed  to 
operate  at  a sufficiently  high  temperature  to  inhibit  the  condensation  of 
seed.  Wet  seed  and  ash  collects  on  the  secondary  superheater  while  dry  seed 
collects  on  the  other  convective  surfaces.  Soot  blowers  are  provided  to 
remove  the  ash  and  seed  from  the  surfaces  so  that  it  falls  into  the  hopper 
at  the  bottom  of  the  convection  pass. 

The  Particulate  Control  Subsystem  reduces  the  inventory  of  all  particulates 
in  the  plant  gas  effluent  to  below  the  environmental  standards  and  completes 
the  recovery  of  the  seed  from  the  flue  gas.  It  does  not  include  the  clean 
up  of  the  coal  drying  medium  which  is  performed  by  the  Coal  Management 
System.  The  subsystem  is  comparable  to  the  one  in  a conventional 
pulverized-coal-f ired  power  plant,  but  it  must  contend  with  a much  higher 
loading  of  very  fine  particulates.  Major  elements  include: 

Electrostatic  precipitator  (ESP) 

Duct  work 

Instrumentation  and  control. 
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2.2  DETAILED  DESCRIPTION 

The  HR/SR  design  described  in  this  report  is  not  a fully  developed  design. 

It  is  e design  concept  consolidated  fron  various  studies.  The  design 
reports  used  to  develop  the  concept  for  the  200  HWe  ETF  Power  Plant  HR/SR 
include  references  3 throu^  7 listed  in  Appendix  A. 

For  the  most  part,  the  ETF  design  is  based  on  that  of  reference  3.  This 
design  concept  encompasses  features  from  references  3 and  5.  Thermodynamic 
balances  by  the  HR/SR  boiler  designer  are  necessary  to  complete  the  detailed 
design  description. 

The  details  of  the  heat  exchanger  elements  are  subject  to  change.  This 
includes  not  only  the  sising  and  ordering  of  the  elements  of  the 
superheater,  reheater,  and  ITOH  but  also  the  choice  of  either  steam  or 
evaporation  cooling  of  the  connection  pass  enclosure.  All  neat  lost  to  the 
walls  of  the  diffuser  and  the  transition  section  is  transferred  to  a 
high*^pressure  cooling- jacket  that  produces  about  5Z  quality  steam  in  the 
cooling  jacket  outlet  lines.  The  cooling  jackets  are  integrated  with  the 
HR/SR  steam  generation  system.  Detailed  descriptions  of  the  MHD  Power-Train 
Diffuser  and  Transition  Section  Cooling  Jacket  and  Piping  are  described  in 
the  System  Design  Description  for  the  MHD  Power  Train  (SDD-502)  and  will  not 
be  repeated  here. 

2.2.1  Major  Boiler  Subsystem  Equipment 

2. 2. 1.1  Radiant  Boiler 

Hot  gas  leaving  the  HHD  Channel  at  near-sonic  velocities  is  reduced  in  the 
Diffuser  described  in  Reference  1 (see  Appendix  A)  to  a reasonable 
radiant-boiler  entrance-velocity  of  approximately  300  fps. 

The  temperature  of  the  flue  gat  entering  the  Radiant  Boiler  is  at  or  near 
3500°F  and  is  cooled  to  near  the  2350°F  dew  point  of  the  K2SO4  vapor 
before  it  exits  the  Radiant  Boiler  and  enters  the  section  of  the  Convective 
Pass  Enclosure  with  radiant  pendant  heaters. 

The  Radiant  Boiler  is  a multifunction  device  consisting  of  two  sections,  a 
NO^-Control  Furnace  and  an  Afterburner. 

The  NO^-Control  Furnace  section  is  designed  to  receive  1,048,569  Ib/hr  of 
flue  gas  from  the  diffuser  outlet  at  the  conditions  of  3532°F  and  13.00 
psia.  The  design  of  the  furnace  is  based  on  the  premise  that  the  flue  gas 
is  the  combustion  product  of  a 90Z  stoichiometric  ratio  (SR)  of  oxygen 
enriched  air  (30  mol  Z O2)  and  Montana  Rosebud  coal.  The  MHO  combustor  is 
expected  to  reject  65Z  of  the  coal  ash.  Therefore,  the  gas  carries  33Z  or 
4033  Ib/hr  of  the  coal  ash  as  slag  and  all  of  the  seed  through  the  channel 
and  diffuser  into  the  furnace.  The  flue  gas  in  the  NO^-Control  Furnace 
section  cools  from  3500°F  to  below  2900*^F  in  a controlled  heat  loss 
manner  so  as  to  provide  a minimum  residence  time  of  2 seconds  at 
temperatures  above  2900°F,  allowing  the  formed  in  the  MHD  power 
train  to  decay  to  below  EPA-allowed  values. 
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SupplMcntal  air  mixed  vith  flue  gat  it  injected  into  the  mainttream  in  the 
afterburner  aection  to  burn  the  remaining  combuatiblet  in  the  hot 
aubttoichiometric  flue-gat.  Sufficient  air  it  added  to  reiae  the 
atoichiometric  ratio  to  1.05.  The  retult  it  a "lean-burn"  condition  wherein 
the  CO  and  any  carbon  burn  over  an  extended  diatance  at  the  gat  movet 
through  the  coi^uation  region  above  the  injectora.  Flue  gat  it  nixed  with 
the  air  to  limit  or  control  the  flue  gat  temperature  to  about  2400°F  at 
the  tecondary  auperheater. 

Seed  condentea  in  the  upper  portion  of  the  afterburner  aection  at  the  gat 
temperature  dropa  below  the  teed  condentation  temperature.  The  1.03  stoi- 
chiometric ratio  of  the  gas  providet  a alightly  oxidizing  atmosphere.  Gas 
with  this  stoichiometric  ratio  has  the  proper  oxygen  partial  pressure  for 
optimum  yield  of  K2SO4  formation  at  the  K2  vapor  reacts  with  SO2  to 
yield  K2SO4  liquid  which  finally  freezes  out  in  the  gas  at  dry,  fine, 
particulates  of  K2SO4,. 

The  Radiant  Boiler  membrane-tube  walls  are  constructed  of  2-1/2"  O.D.  tubes 
on  3"  centers.  The  dimensions  of  the  enclosure  are  30'  in  width  by  52'  in 
depth  and  a height  of  143'  from  the  slag  tap  bottom  to  the  Radiant  Boiler 
roof.  The  furnace  bottom  slopes  from  the  front  and  rear  walls  at  an  angle 
of  7^  toward  the  center,  and  an  opening  of  3*  by  32'  it  provided  to  tap 
the  molten  slag  off  the  bottom  floor.  The  entrance  from  the  MHO  Power  Train 
to  the  NO^-Control  Furnace  Section  of  the  Radiant  Boiler  is  an  opening  of 
144  ft^  in  the  lower  portion  of  the  front  wall. 

The  NO^-Control  Furnace  extends  to  a height  of  63  feet.  The  vertical 
membrane  tube  walls  and  the  floor  are  studded  with  5/8"  studs  and  coated 
with  a ruby-ram  mix,  alumina  or  other  refractory  (see  Figure  3)  to  the 
afterburner  tecondary  air  plena.  The  refractory  coating  lowers  heat 
absorption  rate  in  the  lower  furnace  to  reduce  the  flue  gas  cooling  rate  and 
thereby  improve  the  rate  of  NOjj  reduction.  The  refractory 
coating  maintains  a higher  surface  temperature  to  ensure  that  molten  slag 
flows  freely  down  the  vertical  surfaces  to  the  furnace  floor.  In  addition, 
the  refractory  coating  helps  to  protect  the  furnace  tube  wall  from  corrosion 
in  the  high-temperature  reducing  atmosi^iere. 

The  afterburner  air  supplied  from  the  afterburner  gas  supply  system  first 
enters  the  air  distribution  duct  plenum  at  a rate  of  311,000  Ib/hr  which 
yields  an  overall  flue  gas  stoichiometric  ratio  of  1.03.  The  combustion  ait 
is  then  distributed  to  the  ports  located  66'  from  the  bottom  of  the  radiant 
boiler  and  spaced  four  feet  apart.  The  air  injection  ports  are  arranged  in 
an  opposed  and  staggered  configuration  on  each  of  the  chamber  walls.  To 
promote  good  mixing,  the  air  is  injected  normally  into  the  flue  gas  stream 
at  a velocity  of  124  ft/sec.  The  air  streams  penetrate  12'-13'  into  the 
flue  gas  and  spread  8*  to  cover  the  entiru  furnace  cross  sectional  area  and 
induce  mixing  eddies  in  the  flue  gas  as  it  proceeds  up  into  the  afterburner 
section  of  the  Radiant  Boiler  (see  Figure  3). 
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In  this  ssction  of  tht  radiant  boilar,  tha  ancloaura  walls  ara  eonstructad 
of  bara  sMabrana  tubas  as  shown  in  Figura  3.  Studs  and  refractory  ara  not 
applied  in  ordar  to  ainisiiBa  buildup  of  tha  slag  and  reduce  tha  possibility 
of  shedding  of  large  chunks  of  deposits  that  could  iapact  and  daoMgs  tha 
floor. 

The  flow  path  is  constricted  near  the  middle  of  tha  afterburner  section  to  a 
width  of  20*  by  banding  the  rear  wall  tubes  into  lower  and  upper  sloping 
floors  at  30°  and  33°.  respectively,  as  shown  in  figure  3.  The  gss 
flows  is  thereby  redirected  from  tha  afterburner  to  the  cross-pass  section 
of  the  convective  psss  enclosure  and  is  prevented  from  bypassing  portions  of 
the  secondary  superheater  pendant  platens  in  the  horisontal  flow  cross-pass 
section  where  much  of  the  seed  condenses. 

2. 2. 1.2  Convective-Pass  Enclosure 

the  Radiant  Boilar  terminates  at  the  horisontal  cross-pass  which  conducts 
the  flue  gas  to  tha  top  of  the  convective  down-pass.  The  cross  pass  of  the 
Boiler  contains  the  radiant  heat  transfer  pendant  panels  used  for  finish 
superheating  of  steam.  Approximately  1,360,000  Ibs/hr  of  flue  gas  at  around 
2S00°F  flows  horisontally  and  exits  the  convective  heat  exchanger 
horisontally  at  about  1900°F.  The  secondary  stage  or  finish  superheating 
of  the  steam  to  1000°F  is  accomplished  in  the  radiant  heat  transfer 
pendant  platen  heaters  in  tha  seed  condensing  cross-pass. 

Heat  transfer  from  the  gas  to  the  walls  is  predominantly  radiative,  although 
convective  heat  transfer  can  account  for  as  much  as  30X  of  the  total  heat 
transfer  by  the  time  the  gss  leaves  the  cross  pass.  However,  because  of  the 
adverse  fouling  properties  due  to  the  viscous  nature  of  semi-fluid  K2SO4 
and  the  narrow  temperature  range  between  the  boiling  temperature  of  2350°F 
and  the  solidification  temperature  of  19S0°F,  no  attempt  is  made  to 
optimise  the  design  of  the  cross-pass  for  convective  heat-transfer. 

Instead,  the  design  of  the  seed  condensing  section  is  optimised  for 
radiative  heat  transfer  and  liquid  seed  film  formation  and  solidification  on 
all  vertical  surfaces.  In  the  present  design,  some  seed  is  likely  to 
condense  and  free;£e  in  the  secondary  superheater  pendants. 

Flue  gas  leaves  the  cross  pass  and  flows  down  the  convective  back-pass.  In 
order  of  the  flue  gas  flow,  the  heat  exchangers  in  the  convective  back-pass 
enclosure  are  1)  the  final  reheater,  2)  the  intermediate  temperature  oxidant 
heater  (ITOH),  3)  che  primary  superheater.  A)  the  first  stage  reheater,  and 
5)  the  high-temperature  economiser. 

The  flue  gas  exits  the  horizontal  convection  cross  pass  through  the  screen 
at  1655°F  and  enters  an  open  chamber  52'  wide,  19'  deep,  and  18'  high 
where  the  flue  gas  changes  its  flow  direction  fros  horizontal  to  downward 
flow. 
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A t€C  of  Mubrmnt  walls  is  dosignsd  Co  sncloss  chs  down-flowing  gas  scrassi 
and  Cha  haac  absorbing  banks  such  as  Chs  incaraadiata  tasiparacura  oxidant 
haatar  and  cha  prisMry  suparhaaCar.  Ihs  anclosura  walls  ara  conscruccad  of 
2-1/2"  on  O.D.  tubas  on  3"  side  spacing.  Tha  ancira  anclosura  is  19*  dasp, 
52*  wida»  and  122*  hi|h.  As  Cha  flus  gas  cools  frosi  16S5^F  to  650^, 
chs  solid-sasd  fine  psrCiclas  in  the  gas  strasa  plus  a SMjor  portion  of  Chs 
frossn  scad  and  ash  collsccsd  on  the  hast  transfer  surfaces  (graster  than 
1,100  Ib/hr)  should  fall  to  the  botton  of  this  enclosure.  The  hopper  at  the 
bottoa  has  a 30^  slope  to  help  renove  the  solids.  The  enclosure  wells  ere 
cooled  by  saturated  steea  end  provide  for  the  first  stage  of  steea  superheat. 

2. 2. 1.3.  StesB  Drum  Section 

As  shown  in  Figure  2b,  a combination  of  saturated  steam  end  water  enters  Che 
steam  drum  from  Che  Radiant  Boiler  enclosure  walls  end  Che  diffuser  end 
transition  section  cooling  jackets.  These  flows  ere  mixed  with  fresh 
feedwater  from  the  MHD  coed>ustor.  The  steam  drum  separates  the  mixture  into 
dry  steam  and  water.  The  dry  steam  is  passed  on  to  the  superheater  and  the 
water  is  returned  to  the  Radiant  Boiler  and  cooling  jackets  via  a downcomer 
(pipe),  distribution  piping,  end  lower  headers.  Pumps  ere  used  to  control 
circulation. 

The  five-foot  diameter  steam  drum  extends  over  Che  full  width  of  the  Radiant 
Boiler.  Permanent  welded  connections  ere  made  to  the  boiler  heedere  end 
bolted-flange  connections  ere  made  to  the  Diffuser  and  Transition  Section 
Coolant  Jacket  Riser.  An  isolation  valve  is  provided  between  the  flange  and 
Che  steam  drum  to  prevent  steam  drum  drainage  should  the  Diffuser  end 
Transition  Section  be  removed. 

2.2. 1.4.  Superheater 

Steam  from  Che  drum  passes  through  multiple  connections  Co  headers  supplying 
the  furnace  roof  tubes  end  pendant  convection  pass  sidewall  tubes.  This 
steam  then  passes  from  Che  furnace  roof  outlet  headers  and  pendant 
convection  pass  sidewall  outlet  headers  to  the  horitontel  convection  bank 
enclosure  inlet  headers,  well  tubes,  end  outlet  headers  in  succession.  The 
steam  next  flows  to  the  primary  superheater  bank  in  Che  convection  pass. 

Steam  rises  throu^  Che  prisMry  superheater  and  discharges  through  its 
outlet  header  Co  piping  that  feeds  the  pendant  secondary  superheater  inlet 
header  in  the  furnace  penthouee.  From  the  first  bank  (as  described  from  the 
standpoint  of  the  superheated  steam  flow  path)  of  the  secondary  superheater 
platens,  the  steam  entera  piping  containing  a spray  attemperator.  The  steam 
exits  the  eccemperscor,  enters  the  final  bank  of  pendant  secondary 
superheatar  platens,  end  discharges  through  piping  that  connects  to  a high 
pressure  turbine.  This  flow  path  is  shown  in  Figure  4. 
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Tht  priaary  auparheaccr  (PSH)  ii  datignad  Co  haat  1,070,992  Ib/hr  of 
aaCuratad  aCaaa  from  637^F  Co  approxioMCaly  690^F  bafora  Cha  acaaa  ia 
fur char  haacad  Co  1005^F  in  Cha  aacondary  auparhaacar.  Tha  PSH  ia 
conacruccad  of  2.0"  cubat  on  4.0"  aida  apacing  and  2-3/4"  bacP  apaclng. 

Tha  acaam  flowa  councar  Co  Cha  flua  gaa  in  aix  paaaaa.  Tha  PSH  ia  dividad 
inco  cwo  banka.  The  upper  bank  conaiaCa  of  four  aCaam  paaaaa  and  cha  lower 
bank  of  cwo  acaam  paaaaa.  Each  acaam  paaa  haa  62  Cuba**  acroaa  Cha  widCh 
and  4 rowa  in  an  in-lina  arrangamanc  (aaa  Figure  3,  Saccion  C-C).  Tha  flua 
gaa  flowa  acroaa  cha  auparhaacar  banka  aC  a nominal  valocicy  of  35-45 
fc/aac.  Soocblowara  (locaCad  in  a 2*  cavicy  above  cha  PSH  and  below  Cha 
ITOH)  clean  cha  PSH  and  ITOH  Cuba  banka. 

Tha  aacondary  auparhaacar  (SSH)  ia  dividad  inCo  Cwo  aacCiona,  one  locacad 
adjacanC  Co  cha  upper  furnace  and  cha  ocher  in  cha  horiaonCal  convacCion 
paaa  upa cream  from  Cha  back  paaa.  The  SSH  ia  deaignad  co  receive  1,070,992 
Ib/hr  of  auparhaaCad  acaam  from  Cha  primary  auparhaacar  ac  cha  condiCiona  of 
690^F  and  2011  paia,  and  co  heac  Che  aCaam  Co  cha  ouClaC  condiciona  of 
1005°F  and  1910  paia.  Figure  4 ahowa  Che  auparhaaCad  aCaam  paaa  Chrough 
Cha  Boiler. 

Tha  roof  ancloaure  ia  conaCrucCad  of  bare  oMimbrana  Cubaa  wich  2-1/2"  O.D.  on 
2-3/4"  aida  apacing.  Tha  firac  auparhaaCar  placan  bank  ia  locaCad  above  cha 
furnace  conaCricCion  and  in  Cha  convacCion  croaa-paaa  of  cha  ConvacCiva-Paaa 
Cncloaura.  Thia  auparhaacar  bank  conaiaCa  of  abouC  Can  plaCana  acroaa  Cha 
furnace  widCh.  Each  plaCan  haa  Cwo  a team  paaaaa  wich  aavaral  Cubaa  for  aach 
ateam  paaa.  The  plaCena  are  conaCrucCed  of  2.0"  O.D.  Cubes  on  2-3/4"  back 
apacing  and  meaaure  20*  in  hei^C.  To  promoCa  aolids  removal  from  Cha 
plaCen  aurface,  four  aooCblowera  are  provided  in  fronC  of  Che  plaCen  bank. 

In  a 2'  cavicy  beCween  cha  rear  pare  of  cha  plaCen  bank  and  Che  upper 
furnace  exic  acreen,  chree  aooCblowera  are  provided  Co  clean  Che  Cube 
aurface  in  boCh  direcciona. 

The  2150^F  flue  gaa  exita  the  upper  furnace  through  the  furnace  rearwall 
acreen  and  reachea  a aecond  auperheiCer  platen  bank  in  che  horiaonCal  paaa. 
Thia  auperheater  bank  conaiaCa  of  Che  aame  number  of  placcna  acroaa  che  aame 
width.  Each  platen  haa  four  steam  passes , wich  several  cubes  for  each  steam 
pass.  The  plaCena  are  constructed  of  2.0"  O.D.  Cubes  wich  2-3/4"  back 
spacing,  and  meaaure  17'  high  from  che  platen  bottom  to  the  roof.  In  a 2 ' 
cavicy  in  Che  middle  of  this  section,  Cwo  sootblowers  are  provided  for 
solids  removal. 

As  Che  flue  gaa  ia  cooled  from  2540^F  to  1655°F  in  the  SSH  zones,  Che 
seed  condenses  as  fine  mist.  In  Che  proximity  of  Che  SSH  tube  surface,  gaa 
at  this  low  temperature  contains  seed  that  could  precipitate  into  fine  solid 
particles  and  adhere  to  che  superheater  tubes.  The  sootblowers  periodically 
blow  the  Cube  aurface  wich  steam  and  break  the  solid  deposica  into  fine 
particles  which  are  then  carried  farther  doimscream  by  che  flue  gas. 


*The  number  is  baaed  on  che  design  given  in  Reference  4. 
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2.2.1 *5  RthacCtr 

St«M  rcCurnint  from  th«  hii^-preisur*  turbine  pateet  throuth  a reheat  ipray 
attemperator  located  in  the  inlet  piping  to  the  first  stage  of  the  tvo-'<tage 
reheater  (as  seen  by  the  reheat  steam  flow)  set  of  superheater 

banks.  The  steam  then  flows  to  the  final  set  of  v)  superheater  banks, 
and  from  there  to  piping  connected  to  the  reheet  turbine.  Figure  5 
illustrates  the  location  of  die  convective  reheater  in  the  back-pass  section 
of  the  Boiler. 

The  first-stage  reheater  is  the  first  or  low- temperature  section  of  the 
two-section  steam  reheater.  The  location  of  this  section  in  the  flue-gas 
stream  is  between  the  primary  superheater  and  the  high-temperature 
economiser. 

The  first-stage  reheater  is  designed  to  receive  986,470  Ibs/hr  of  steam  from 
the  high-pressure  turbine  discharge  at  450  psig  and  649°F.  Approxisuitely 
two-thirds  of  the  reheating  is  accomplished  in  the  first  stage  of  reheat 
resulting  in  a steam  discharge  temperature  of  approximately  880^F.  No 
spray  attemperaCion  is  used  in  the  first  stage  of  reheat. 

The  first-stage  reheater  section  consists  of  2.5"  O.D.  horizontal  tubes 
spaced  4.5  inches  apart  in  the  longitudinal  axis  (horizontal  plane)  with 
these  planes  of  horizontal  tubes  spaced  6.75  inches  apart  vertically.  Soot 
blowers  are  used  to  periodically  clean  the  surfaces  of  the  tube  banks  with 
450  psig  steam.  The  dry  seed  and  fly-ash  psrticles  are  collected  at  the 
bottom  of  the  chamber  in  a collection  bin.  Materials  of  construction  vary 
in  the  first-stage  reheater,  depending  upon  the  temperature  regime  of  each 
set  of  Cube  banks.  The  lower  operating-temperature  tubus  are  made  from 
SA204  GrT12  steel.  The  higher  operating-temperature  tubes  are  made  from 
SA213  CrTl2  and  Sa213  GrT22  steel.  The  parallel  steam  pass  tubes  are  welded 
to  common  headers  made  from  similar  metals  as  the  tubas. 

The  final-stage  reheater  is  the  second  or  high-temperature  steam  section  of 
the  two-section  steam  reheater.  It  is  located  in  the  flue-gas  flow  path 
near  the  Cop  of  the  back-pass  ("down-pass")  immediately  downsteam  from  Che 
secondary  superheater  pendant.  The  final-stage  reheater  is  designed  to 
receive  986,470  Ibs/hr  of  steavs  from  the  first-stage  reheater  at  440  psig 
and  880°F.  Approximately  one  third  of  Che  reheating  is  accomplished  in 
Che  second  stage,  thereby  resulting  in  a steam  discharge  temperature  of 
1000°F.  Feedwater  at  300^F  and  700  psig  is  sprayed  into  the  880°F 
steam  inlet  to  the  first-stage  reheater  to  accemperate  Che  steam  and  thereby 
control  Che  steam  outlet  temperature  to  no  more  chan  lOOO^F . The  amount 
of  spray  attemperation  used  in  the  reheater  is  kept  to  2-3Z  of  the  steam 
flow  by  weight  in  order  that  the  penalty  (in  loss  of  plant  efficiency 
resulting  from  reheat-steam  attemperation)  be  kept  to  a practical  miniaum. 
The  spray-water  lines  are  designed  for  a capacity  of  30,000  Ibs/hr. 
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FIGURE  5 

REHEATER  STEAM-PASS 
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The  final-at«g«  rabtaCar  la  conitructad  aiailar  to  tha  firat^ataga  rahaatar. 
Tha  aatarial  of  conatrucCion  of  tha  final^ataga  rahaatar  tubaa  la  SA213 
GrTP304H.  Tha  inlat  and  outlat  haadara  to  which  aach  tuba  is  attached  ara 
alao  nada  froa  8A213  GrTP304. 

Type  IR  aoot  blovera  dialodga  fly-aah,  alag.  and  aaad. 

2.2. 1.6  Intaraadiata  Tanparature  Oxidant  Heater 

Aa  tha  flue  gaa  changaa  ita  flow  path  from  horixontal  to  downflow  in  the 
cavity  above,  it  reachaa  the  firat  aet  of  heat  abaorption  banka  at 
1600*^F.  A atudy  of  the  gaa  temperature  profile  veraus  the  temperatures  of 
steam  and  air  indicates  that  in  order  to  obtain  a sufficient  temperature 
differential  to  provide  a driving  force  for  the  convective  heat  transfer,  it 
is  desirable  to  locate  the  intermediate  temperature  oxidant  heater  (ITOH) 
above  the  primary  superheater  and  below  the  finish  reheater. 

The  ITOH  is  designed  to  heat  867,852  Ib/hr  of  oxygen'^nriched,  compressed 
air  from  an  inlet  temperature  of  433°F  to  an  outlet  temperature  of 
llOO^F  for  combustion.  The  ITOH  is  constructed  of  3.0"  O.D.  Cubes  on  7" 
side  spacing  and  3*3/4"  back  spacing.  The  ITCH!  is  divided  into  four  tube 
banks;  each  tube  bank  consists  of  two  oxidant  passes  and  each  oxidant  pass 
has  36  tubes  across  the  width  and  6 rows  in  an  in-line  arrangement.  In  a 2' 
cavity  between  each  two  banks,  sootblowers  are  provided  for  solid  deposits 
removal. 

Figure  6 snows  the  combined  flow  pattern  of  cross-flow  and  parallel-flow 
arrangement  (i.c.,  the  oxidant  enters  at  the  hot  end  and  exits  at  the  cool 
end  of  the  unit).  This  arrangement  maintains  the  tube  metal  temperature 
below  I300^F.  This  design  feature  eliminates  exotic  and  expensive 
materials  for  the  ITOH. 


Gas  Flow 

Oxidant  ■ »■  O*"  " * ^ 


O— — a 1 

Figure  6 Cross  Flow  and  Parallel  Flow  Arrangement 

The  Clue  gas  flows  across  the  tube  banks  at  a nominal  velocity  of  33  to  45 
ft/sec  and  a mass  flow  rate  of  1,357,352  Ib/hr,  and  leaves  Che  ITOH  at 
approximately  1300°F. 
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2. 2. 1 >7  High-Xempcratur*  Economlstr 

lh«  high-ccaparatura  acononisar  is  locatad  naar  cha  botcon  of  tha  ancloaura 
unit,  laMdiataly  upatraan  of  the  exit  to  tha  ESP.  It  haata  tha  feed  water 
froB  4S0^F  to  530^F  with  tha  1,357,352  Ib/hr  of  flue  gaa  tihich  laavaa  at 
481^F.  Tha  two  atraama  are  arranged  in  croaa'-flow  and  counter*flow. 

(Thia  unit  will  be  ineffective  for  450°F  to  481^F,  but  ia  included  to 
atudy  poaaible  datriaantal  effacta  in  a larger  MHD  plant.) 

Tha  high-teaperatura  aconomixer  ia  cpnatructed  of  2.0"  O.D.  tubes  on  3.0" 
aide  apacing  and  2~3/4"  back  apacing.  Tha  unit  conaista  of  two  tube  banka 
with  24  paaaea  par  bank.  Each  tube  paaa  has  about  60  tubea  acroaa  the 
encloaure  width  of  19'  and  one  row  of  tubea.  The  tubea  are  arranged 
horiaontally  in  a rectangular  array.  The  array  ia  nornal  to  the  vertical 
gaa  flow  atreaa. 

2.2.2  Particulate  Control  Subayaten:  Electroatatic  Precipitator 

To  meat  the  EPA  standard  of  0.03  lb  particulate/ 10^  Btu,  a Rothenuhle 
electrostatic  precipitator  separates  the  coal  fly-aah  and  seed  from  the 
combustion  gases  before  the  gases  are  sent  up  the  stack. 

The  Rothenuhle  precipitator  is  sized  by  using  tha  following  criteria: 

Gas  Flow  Rate  1,332,088  Ib/hr 

Solids  Flow  Rate  28,618  Ib/hr  (90Z  K2  SO^) 

Inlet  Temperature  481*^F 

Effective  Migration  Velocity  0.148  fpa 

Gas  Velocity  2.96  fps 

Design  Efficiency  99. 8X 

The  Rothemuhle  electrostatic  precipitator  consists  of  three  major  compon~ 
ents:  collection  platea,  discharge  electrodes,  and  rappers.  Nineteen-inch 

wide  roll-formed  panels  provide  a maximum  of  quiescent  zones  that  reduce 
re-entrainment  of  the  ash. 

The  precipitator  utilizes  rigid-frame  discharge-electrodes  which  are 
individually  supported  and  guided  at  four  locations.  The  electrodes  are 
evenly  spaced  between  the  collection  plates.  A series  of  these  frames  are 
supported  from  a four  point  suspension  system.  Proper  selection  of  the 
discharge-electrode-wire  shape  allows  for  maximum  power  input  throughout  the 
precipitator. 

The  electrical  load  requirements  are  shown  on  Drawing  8270-1-802-206-003  in 
SDD-801  (Electrical  Load  System). 
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The  rappere  are  of  the  falling  banner  type  located  internally  to  apply 
sufficient  rapping  forces  directly  into  the  discharge  electrodes  and 
collecting  plate  curtains.  This  results  in  the  removal  of  even  the  nost 
difficult  dust.  The  staggered  rapping  sequa.ice  reduces  reentrainnent  to 
produce  a lower  continuous  opacity  for  a given  outlet  dust  loading. 

A solid-state  transformer-rectifier  control  system  features  t«ro  thyristors 
which  regulate  the  primary  current  from  5Z  to  lOOZ.  To  provide  maximum 
collection  efficiency,  the  controls  integrate  the  precipitator  voltage 
upward  to  the  threshold  of  sparking.  As  sparking  develops,  the  controls 
modulate  backwards  to  quench  arcs  and  return  to  threshold.  Spark,  quench, 
and  recovery  rates  can  be  adjusted  to  march  precipitator  load  conditions. 

2.2.3  Piping  and  Valves 

The  HR/SR  System  piping  is  chromium-molydenum  alloy  steel  and  carbon  steel 
in  accordance  with  the  standards  listed  in  Section  1.3.1.  Stop  valves  and 
control  valves,  provided  by  the  turbine  manufacturer,  are  located  at  each 
inlet  to  the  HP  and  IP  turbines.  Safety  valves,  provided  by  the  HR/SR 
manufacturer,  are  located  at  the  Superheater  outlet  headers,  and  the 
Reheater  inlet  headers.  Removable  Blocking  devices  are  located  in  each  Cold 
Reheat  line  at  the  Reheater  inlet.  Theee  are  used  for  hydrotesting  the 
Reheater  and  initial  steam  blowout. 


The  Steam  Drum  is  fitted  with  safety  valves. 

The  HR/SR  System  piping  is  designed  with  welded  joints  in  accordance  with 
ANSI  B31.1.  Valves  are  forged  alloy  steel  or  carbon  steel  with  weld  ends 
and  designed  in  accordance  with  ANSI  B16.34. 

Piping  materials  are  in  accordance  with  the  following: 


System 


Material-ASTM  No. 


Main  Steam 
Cold  Reheat 
Hot  Reheat 


Chrora-Moly  Steel  - A3 35 
Carbon  Steel  - A106 
Chrom-Moly  Steel  - A3 35 


Valve  materials  are  compatible  with  pipe  materials. 
2.2.4  Electrical 


Motor-operated  valves  are  460  volts,  3 phases,  60  Hertz,  with  power  supplied 
from  480-volt  motor  control  centers.  Solenoid  valves  will  be  coordinated 
with  instrumentation  power  sources.  The  auxiliary  power  loads  required  by 
the  boiler  and  ESP  (i.e.,  the  HR/SR)  are  shown  in  Drawing  No. 
8270-1-802-206-003  in  the  Electrical  Load  System  SDD  (SDD-801). 
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2.2.5  In«tru—ot«,  Controls,  and  Alaraw 

2. 2. 5.1  Pressure  Indicstors 

Pressure  test  connections  ere  provided  on  the  boiler  drua;  the  superhester, 
ups  trees  end  downs treem  of  eech  etteaperetor;  cech  superhester  cnitlet  line, 
end  outlet  hesder;  the  two  leeds  to  the  Hi^-Pressure  (HP)  turbine;  HP 
turbine  exheust  heeder,  downs  trees  of  eech  rehest  etteaperetor;  on  eech 
reheeter  outlet  heeder;  eech  Interaediete  Pressure  (IP)  turbine  inlet  line; 
eech  IP  turbine  leed  downs treem  of  the  stop  velves  end  eech  reheeter  outlet 
line;  end  the  aein  steea  line. 

2. 2. 5. 2 Pressure  Trensaitters 

Pressure  trensaitters  ere  provided  on  the  boiler  drum  for  computer  input, 
aein  control  switchboerd  indicetion,  end  recording.  Ihis  signel  is  elso 
used  to  coapensete  drua  level  in  the  enelog  feedweter  control  systea. 

2. 2. 5. 3 Pressure  Switches 

A pressure  switch  loceted  downstreea  of  the  superhester  controls  the 
electrosMtic  velve  on  hi^  pressure  signels.  A selector  switch,  located  on 
the  aein  control  boerd,  enables  the  operator  to  piece  this  operation  in  the 
aenuel  (open  velve),  or  autoaetic  mode. 

2. 2. 5. 4 Temperature  Elements 

Thermocouples  for  temperature  measurements  by  computer  are  provided  as 
follows: 


Boiler  Steam  Drum 

Superheater  outlet  upstream  of  attemper ators 
Superheater  inlet  downstream  of  attemperators 
Cold  reheat  header  ahead  of  attemperators 
Cold  reheat  downstream  of  attemperators 
Hot  reheat  outlet 

Temperature  indicators  are  provided  on  the  main  control  board  for  steam 
temperature  of  the  main  steam,  the  turbine  bypass,  downstream  of  the 
desuperheater,  end  hot  reheat  outlets. 

2. 2.5. 5 Temperature  Recorders 

Tesq>ereture  recorders  are  provided  on  the  mein  control  switchboard  for: 

Superheater  inlet  upstream  of  attemperators 
Hot  reheat  outlet 
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2. 2. 5. 6 Test  Theraowelli 

Thermowelli,  for  the  inetellation  of  test  thermocouples  and/or  RTD's,  are 
provided  in  the  following  locations: 

Superheater  outlet  stream  of  attemperators 

Superheater  inlet  downstream  of  attemperators 

Hai*'  steam  line 

Each  main  stream  turbine  lead 

Cold  reheat  upstream  of  attemperators 

Cold  reheat  downstream  of  attemperators 

Reheater  outlets 

Hot  reheat  to  IP  turbine 

2. 2. 3. 7 Temperature  Transmitters 

Temperature  transmitters  are  provided  at  the  following  locations  to  transmit 
temperature  signals  as  indicated: 

Main  stream  line  for  feedwater  flow  analog  control  system  interlock. 
Superheater  outlet  for  superheat  steam  temperature  analog  control 
system  interlock. 

Combined  reheater  outlet  for  reheat  steam  temperature  analog 
control  system  interlock. 

Turbine  bypass  downstream  of  the  desuperheater  to  signal  the  main 
control  room  indicator,  the  computer,  and  alarm  on  high 
temperature. 

2. 2. 3. 8 Level  Recorder 

A level  recorder  is  provided  on  the  main  control  switchboard  for  drum  level. 

2. 2. 3. 9 Level  Indicators 

Three  level  indicators  are  provided  on  the  steam  drum,  for  normal, 
high-level,  and  wide-range  indication.  A level  indicator  is  provided  on  the 
main  control  switchboard  for  drum  level  indication. 

2.2.3.10  Level  Switches 

Two  level  switches  are  provided  on  the  cold  reheat  drain  pot  shown  in 
SDD-011.  One  switch  opens  and  closes  the  diaphragm-operated  drain  valve, 
which  empties  the  drain  pot  to  the  condenser.  The  other  level  switch 
signals  an  alarm  in  the  main  control  room  for  emergency  high  drain  pot 
level,  closes  Che  reheat  attemperator  block  valves,  and  closes  the  motoi* 
operated  isolation  valves  in  the  extraction  lines. 
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2.2.5.11  Level  Trenemitteri 

Three  level  crancmitteri  (LT)  are  provided  on  the  boiler  druai. 

One  LT  for  computer  input  end  for  mein  control  ewitchboerd 
indication. 

One  LT  for  computer  input,  low-level  alarm,  high-level  alarm, 
and  low-low  level  trip. 

One  LT  for  feedwater  flow  analog  control  syetem  and  main  control 
switchboard  recorder. 

2.2.3.12  Analysis  Element 

Provisions  are  made  on  the  boiler  drum,  the  superheater  inlet,  the  main 
steam  header,  cold  reheat  header,  and  the  hot  reheat  header  for  steam 
sampling. 

2.2.5.13  Control  Switches 

Function  Control  Location 

Turbine  Bypass  & Condensate  Main  Control  switchboard 

to  Turbine  Bypass 
Desuperheater 

Electromatic  Valve  (Manual/  Main  control  switchboard 

auto/off) 

2.2.5.14  Control  Initiated  by  Operator 

The  control  and  instrument  readouts  for  Che  system  are  located  on  Che  main 
control  switchboard. 

2.2.5.15  Equipment  Vendor  Supplied  Systems 

The  operation  and  control  of  the  HR/SR  System  is  affected  by  many  ocher 
systems.  Several  of  these  systems  have  a major  portion  of  equipment 
supplied  by  the  boiler  and  ESP  manufacturers. 

The  equipment,  piping,  and  controls  for  these  systems  are  covered  in  Che 
manufacturer's  instruction  books  and  certified  drawings.  Alarms,  controls, 
and  permissives  associated  with  those  systems  are  covered  in  this  SDD  only 
to  the  extent  Chat  these  devices  interface  with  other  equipment  in  the  main 
or  reheat  steam  system,  or  signal  the  main  control  room  for  alarm  or 
indication. 

2.2.5.16  Flue  Gas  Control  and  Diagnostics 

Special  diagnostic  equipment  is  required  Co  allow  for  proper  operation  of 
the  ETF  as  a f irst-of-a-kind  system.  The  ETF  HR/SR  includes  instruments  and 
gas  flow  control  devices  similar  to  that  listed  in  the  Preliminary  Design 
Report  for  the  20MWt  HR/SR  unit  being  developed  by  Babcock  and  Wilcox  for 
the  U.  S.  Department  of  Energy  under  contract  DE-AC-02-79CH10018. 
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3.0  SYSTEM  PROTEaiON  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  aejor  cquipaent  operating  linits  and  protective  devices  arc  described 
and  included  in  Systeis  Design  Descriptions  noted  in  References  1 and  S. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required  in  the  steam  system.  The  major  equipment  have  safety  and  relief 
valves  or  burst  disks. 

3.2  HAZARDS 

The  high'temperature  flue**gas  constituents  include  lethal  amounts  of  carbon 
monoxide  in  the  front  end  of  the  HR/SR.  This  flue  gas  is  contained  in  the 
HR/SR  system  components  primarily  h«cause  the  HR/SR  operates  at  a slightly 
negative  pressure.  Consequently,  the  lethal  gases  can  escape  only  if  the 
induced  draft  fan  at  the  base  of  the  discharge  stack  fails  to  maintain  the 
required  negative  pressure  throv^ouC  the  entire  HR/SR.  This  can  occur  if 
either  the  fan  drive  fails  or  a structural  collapse;  the  gas  duct  or  the 
HR/SR  blocks  the  flow  of  gas.  Limited  access  to  potentially  hazardous 
areas,  sdequate  ventilation  in  perlonnel  access  areas,  and  monitoring  of 
HR/SR  flue  gas  pressure  with  appropriate  warning  devices  to  indicate 
malfunction  are  precautions  used  to  prevent  injury  to  plant  personnel. 

No  other  special  provision  for  the  area  around  the  HR/SR  is  required  other 
than  that  normally  provided  in  a conventional  power  plant. 

All  piping,  valves,  safety  pressure-release  valves  and  HR/SR  components 
containing  pressurised  fluids  will  be  designed  to  meet  the  requirements  of 
the  ASNE  codes,  OSHA,  and  EPA  regulations. 

3.3  PRECAUTIONS 

Conventional  boiler  design  practice  is  used.  This  includes  exercising  all 
precautions  normally  taken  in  such  designs  to  prevent  serious  damage  to 
equipment  or  injury  to  personnel  in  the  event  of  malfunction  or  failure  of 
equipment . 

The  problems  of  turbine  induction  water  damage  and  boiler/ turbine 
temperature  mismatches  are  discussed  iw  other  System  Design  Descriptions  and 
in  manufacturer's  instructions. 

After  periods  of  Boiler  layup  and  prior  to  Boiler  startup,  all  main  steam 
system  drain  valves  must  be  opened. 
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4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Coordination  of  metal  tamperaturea  in  tha  HR/8R,  turbine,  end  main  ateam 
piping  ia  of  primary  importance  in  order  to  limit  thermal  atrcaaea.  The 
temperature  of  the  turbine  prior  to  atartup  may  be  between  ambient  and/or 
rated  temperature.  The  HR/SR  can  have  a range  of  initial  preaaure  and 
temperature  conditiona  which  affect  the  eonditiona  of  the  ateem  aupplied. 
Becauae  of  numeroua  atartup  conditiona,  general  categoriea  are  covered: 

atartup, 

normal  operation,  and 
ahutdown. 


Any  atartup  aituation  ia  preceded  by  firat  aligning  the  ayatem  for  normal 
operation.,  Thia  includea  valve  line-up,  and  the  following: 

1.  Preboiler  cycle  cleanup  to  acceptable  purity  conditiona. 

2.  Boiler  tilled  and  vented  at  atartup  drum  level. 

3.  Syatema  operational  for  boiler  feed,  condenaate,  and  circulating  water. 

4.  Auxiliary  ateam  operational  for  initial  deaeration,  turbine  aeala,  and 
ateam  jeta  (if  applicable). 

5.  Condenaer  vacuum  eatabliahed. 

6.  The  temperature  of  the  gaa  entering  the  aecondary  auperheater  and 
reheater  ia  limited  until  theae  componenta  have  been  boiled  dry  of 
accumulated  condenaate. 

7.  Neceaaary  prewarming  of  turbine  rotora,  on  turning  gear,  aince  the 
initial  temperature  of  the  ateam  available  at  the  auperheater  outlet  for 
rolling  the  turbine  ia  about  600^.  Thia  ia  done  by  introducing  low 
temperature  auxiliary  ateam  through  the  turbine  gland  ateam  piping  to 
reduce  the  miamatch  between  the  temperature  of  the  turbine  and  the  main 
ateam  aupply. 

8.  The  HR/SR  temperature  ia  eatabliahed  by  operating  the  MIO  Power  Train 
combuator  on  oil.  When  boiler  preaaure  exceeda  auxiliary  ateam  preaaure 
the  main  ateam  flow  is  increaaed. 

9.  After  MHD  Power  Train  firing  ia  initiated,  the  increaaing  boiler 
ateam-drum  temperature  begins  to  produce  steam.  This  steam  is  used  to 
replace  auxiliary  ateam  for  deaeration  purposes.  At  approximately 
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600^F  drum  metal  camparatura,  firing  is  maintained  at  tamparatura  for 
10  percent  ataam  flow.  Gaa  tamparaturaa  into  the  rahaatar  section  are 
monitored  during  this  operation.  The  rahaatar  gaa  tamparaturaa  must  be 
maintained  below  the  manufacturer's  limits  since  there  is  no  cooling 
flow  in  the  rahaatar  prior  to  initial  turbine  roll. 

10.  During  boiler  warmup  operation,  boiler  blowdotm  is  monitored  to  achieve 
acceptable  solids  concentration  levels,  and  all  steam  piping  are  drained 
when  warmed. 

11.  When  main  steam  pressure  reaches  200  psig  minimum,  the  stop-valve 
by-passes  are  opened  to  prewarm  the  HP  turbine  casing,  to  further  reduce 
turbine  thermal  stresses.  This  occurs  while  the  turbine  is  on  turning 
gear.  Throu^out  the  turbine  prewarming  operation,  turbine  metal 
temperatures  are  monitored  and  maintained  according  to  the  limits  set  by 
the  turbine  ounufacturer. 

4.2  NORMAL  OPERATION 

The  normal  load  range  of  the  HR/SR  System  is  categorized  as  base  load  with 
part-load  operation  between  75  and  100  percent.  Should  the  unit  be  operated 
below  this  level,  administrative  action  provided  would  ensure  that  drain 
valves  would  open  at  35  percent  and  lower  load  ratings.  Also  the  Steam 
Bypass  System  may  be  activated  at  50  percent  or  lower  steam  flow  to  the  main 
turbine.  The  system  is  capable  of  operating  satisfactorily  and  with  no 
special  operator  action  in  the  event  of  load  change  on  the  unit. 

During  normal  operation,  the  system  is  controlled  and  monitored  from  the 
plant  control  room. 

4.3  SHUTDOWN 

For  operator-initiated  shutdown,  Che  unit  is  brought  down  to  minimum  load, 
and  turbine  is  tripped.  The  electromatic  valve  may  be  used  for  venting. 

'fhis  is  done  by  selecting  the  "Manual"  position  on  Che  control  room  selector 
switch . 

During  the  shutdown  process,  the  main  steam  and  reheat  startup  drains  must 
be  opened  to  drain  all  moisture  from  the  steam  lines.  (In  a normal, 
controlled  shutdown  the  steam  line  drain  valves  open  at  about  15  percent 
turbine-generator  load.  No  other  operator  action  is  required.)  On  a 
turbine-generator  trip  the  stop  valves  in  Che  steam  leads  and  the  non-return 
valves  in  the  extraction  lines  close  automatically.  Operator  attention  is 
required  to  confirm  operation  and  status  of  these  valves. 

During  periods  of  shutdown,  Che  HR/SR  and  main  steam  piping  should  be  filled 
with  nitrogen.  (This  reduces  the  formation  of  corrosion  products  which  can 
cause  increased  maintenance  problems.) 
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4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Operation  below  75  percent  load  on  the  ateaa  turbine-generator  ia  a 
transient  condition.  Procedures  aust  be  established  for  the  facility 
control  rooM  operation  utilising  the  Stean  Bypass  Systea,  reducing  load  to 
50  percent,  or  to  a controlled  shutdown  aode.  Below  50  percent  load  the 
unit  nay  proceed  to  a controlled  shutdown  mode,  according  to  the  judgement 
of  the  operators. 

The  majority  of  the  auxiliary  equipment  is  redundant  or  can  be  bypassed  if 
problems  develop.  If  bypassed  equipment  upsets  the  performance  of  the  unit 
or  tends  to  degrade  the  life  of  other  apparatus,  then  operation  of  the 
system  must  be  controlled  to  either  reduce  turbine-generator  load,  or  go 
into  a shutdown  mode. 


-32- 


SDD-504 


5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORINC 

A facility  control  room  computar  ayatam  laonitora  aignificanc  data  pointa  in 
tha  HR/SR  and  tha  Main  and  Rahaat  Staam  Syatama  to  parallel  the  automatic 
control  a.  Thia  computar  ayatam  providaa  plant  oparating  parsonnal  with  any 
off**daaitn  performance  or  oparating  data.  Periodic  calibration  and 
maintenance  ia  performed  on  all  analog  and  digital  inatrumantation  to  verify 
computar  readout. 

5.2  INSERVICE  INSPECTION 

Tha  Steam  Drumt  Radiant  Boiler,  Superheater,  Reheater,  ITOH,  Electroatatic 
Precipitator  and  all  piping,  valvaa,  controla,  gaugaa,  pipe  aupporta,  etc., 
are  inapactad  periodically  during  ayatem  operation  to  verify  proper 
equipment  condition  and  operation. 

5.3  PREVENTIVE  MAINTENANCE 

Maintenance  ia  acheduled  throu^  computerized  recorda.  Part  replacement  ia 
acheduled  during  a plant  planned  ahuCdown  near  the  end  of  the  part 'a 
recommended  life  cycle. 

5.4  CORRECTIVE  tAINTENANCE 

5.4.1  Manufacturer 'a  Inatructiona 


A complete  file  of  inatruction  booka  ia  available  at  the  plant  to  guide  the 
plant  peraonnel  in  maintenance  and  overhaul  of  any  piecea  of  equipment.  If 
neceaaary,  a repreaentative  of  tha  manufacturer  can  be  preaent  to  auperviae 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare-Part a Inventory 

Tha  manufacturara  aupply  liata  of  recommended  apare  parta.  Critical  parte 
arc  kept  in  inventory  at  the  plant.  Complex  parta  requiring  long  lead  time 
for  delivery  are  included  in  the  plant  inventory. 
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1.0  FUNCTION  AMD  DESIGN  REQUIHEMEHTS 

Thl*  docuaent  preients  a deacription  of  the  I&verter  SyatM  froa  the 
conaolidated  tecainala  of  the  power  producing  HHD  generator  to  the  ac  Power 
But  Systea  aa  depicted  on  Drawing  No.  8270-1-802-206-001.  Thia  docuaent 
includea  deacriptiona  of  ayatea  functions,  interfaces  with  the  electrical  and 
cooling  systeas,  equipaent  and  space  requireaents , design  criteria,  coaponent 
deacriptiona,  operating  aodes,  and  safety  and  aaintenance  requireaents. 

1.1  FUNCTIONAL  REQUIREMENTS 

1.1.1  General 


The  Inverter  Systea  is  designed  to  invert  dc  pov^r  taken  froa  the  powertrain 
consolidation  network  terainals  (dc  bus)  inta  sc  line  frequency  power  which  is 
then  delivered  to  the  34.5  kV  ac  systea  bue.  The  Inverter  Systea  is  designed 
to  cope  with  ac  line  voltage  transients  ftoa  outside  the  systea  and  with  power 
channel  voltage  and  current  fluctuations.  It  is  also  designed  to  regulate  the 
operating  point  voltage  on  each  dc  bus  teminal.  The  Inverter  Systea  is 
designed  to  take  the  channel  output  froa  startup  to  shutdown  and  to 
acconarodate  any  operating  power  level  between  30  percent  and  100  percent  load. 

The  power  converting  aystos  is  controlled  through  firing  angle  control  of 
individual  bridge  inverters,  derived  at  the  central  coaputer  in  the  plant  main 
control  rooa. 

The  inverter  accepts  unregulated,  unfiltered  dc  electrical  power  froa  the  HHD 
generator  via  the  dc  buses  (see  Figure  1 in  Section  1.3. 2. 2),  converts  this 
power  to  fixed  voltage,  regulated,  60  hertz  line  frequency  three  phase  ac,  and 
delivers  it  to  the  ETF  inverter  output  bus.  It  regulates  the  electrical  power 
output  of  the  power  train  according  to  the  incoming  dc  bus  power  from  the 
electrical  conaolidation  network  and  generation  control  commands  from  the 
supervisory  (facility)  control  system.  It  acts  to  control  the  dc  bus  voltages 
and  currenta  by  varying  the  instantaneous  rate  at  which  power  is  converted  and 
delivered  to  the  inverter  bua.  It  acts  within  its  capacity  to  maintain  the  dc 
bus  conditions  within  the  stated  operational  limits.  It  acts  within  its 
capacity  to  maintain  conditions  at  the  inverter  output  bus  within  nonsal 
limits.  It  protects  the  power  train  from  external  electrical  disturbances  by 
disconnecting  itself  from  the  inverter  bus  whenever  the  normal  limits  are 
exceeded  for  an  indefinite  period  of  time  or  whenever  the  inverter  bus 
emergency  limits  are  exceeded.  It  protects  the  other  electrical  systems 
within  the  ETF  from  disturbances  caused  by  the  power  train  by  crowbarring  the 
dc  bus  whenever  the  operational  limits  are  exceeded  or  when  coananded  to  do  so 
by  the  supervisory  control  system  or  safety  interlocks.  It  acts  within  its 
capacity  to  stabilize  the  power  train.  It  acts  within  its  capacity  to 
stabilize  the  inverter  bus. 
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1.1.2  iDvtrtT  Bui  Worml  LiJilti 

The  inverter  delivers  S^phese  sc  electrical  power  to  the  inverter  output  bus 
and  acts,  within  its  capacity,  to  ■siotsin  these  conditions  within  these 
norvsl  liaits: 


Conditions 

Noraal  c«s  voltage 

Variation  of  any  line-to-line 
voltage  frosi  3-phase  average 

Variation  of  any  line-to-line 
neutral  voltage  froa  3-phase 
average 

Frequency 

Power  Factor 

Hacaonic  voltage  content 

— any  single  haraonic 

— algebraic  sua 


Noraal  Liait  Range 

34.5  kV  + 5% 

♦ 2% 

t 3^ 

60  Hz  ^ O.S  Hz 

0.95  leading  to  0.80  lagging 

less  than  1%  of  fundaaental 
less  than  3%  of  fundaaental 


1.1.3  Inverter  Bus  Eaergency  Liaits 

The  following  sbnoraal  bus  conditions  will  not  cause  failure  of  the  inverter 
to  deliver  electrical  power  but  aay  result  in  less  than  rated  power  delivery, 
an  increase  in  haraonic  content,  or  a decrease  in  power  factor  during  the 
length  of  the  disturbance: 


Eaergency  steady  state  ras  voltage 

Nuaber  of  single  and/or  aulti- 
phase  faults  on  bus 

Haxiaua  short-circuit 
current,  one  cycle 

Fault  duration 

Miniaua  period  between  faults 

Autoaatic  recovery  following 
utility  network  fault 

Lightning  strikes 
--peak  current 

--nuaber  cosq>onents  per  strike 
--aaxiauB  surge-arrested  voltage 


Frequency  deviation 

Max.  transient  voltage  during 
breaker  operation 


34.5  kV  +10%/-20% 
6 aax  per  aontb 


22,000  A at  34.5  kV  single  phase 
22,000  A at  34.5  kV  syaaetrical  3-phase 

3 to  600  cycles 

6 sec 

5 sec 


10,000  A 
twp 


18 

kV 

(6  kV 

winding) 

35 

kV 

(12.47 

kV  winding) 

95 

kV 

(34.5 

kV  bus) 

-3 

Hz 

to  +1 

Hz 

80 

kV 

(34.5 

kV  Breaker) 

36 

kV 

(12.47 

kV  breaker) 

36 

kV 

(6  kV 

breaker) 
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1.1.4  DC  Btt«  Honwl  Opera tioa  Liaiti 

Theic  are  the  norul  liaits  for  conditlona  vithin  the  power  train  dc  bua.  The 
inverter  accepta  electrical  power  froa  the  dc  bua  under  theae  conditiona  and 
acta  within  ita  capacity  to  Maintain  the  inverter  input  bua  nomal  liaits: 


Conditiona 


Honaal  Liait  Range 


DC  Bua  Voltage 
Hiniaua 
Peak 


50%  of  noainal  voltage*^ 
120%  of  noainal  voltage* 


Voltage  Ripple  (peak*to>peak) 

Noainal  voltagea  (See  Figure  1, 
Section  1.3. 2. 2 are 


10%  of  steady  state 
value,  aaxiauB 
29.8  kV;  24.2  kV;  18.2  kV; 
12.5  kV;  4.8  kV 


DC  Bua  Current,  Continuous  at  50%  noainal**  current  ainiaua 


Noainal:  2,000  A for-29.8  kV  to  OV. 

connection;  300  A for  > 29.8  kV  to 
-5.6  kV  connection;  600  A for  - 29.8  kV 
to  -11.6  kV  connection;  700  A for  - 
29.8  kV  to  - 17.3  kV  connection;  and 
800  A for  - 27.4  to-22.6  kV  connection. 


110%  peak,  sustained  20  Bin. 
or  less  (but  not  above  120% 
power,  see  Figure  1.) 


Haxiaua  duration  of  fault  condition 
froB  inverter  malfunction 


100  milliseconds 


In  the  event  of  an  inverter  malfunction,  the  inverter  will  first  attempt  to 
clear  itself  through  corrective  actions  which  do  not  interrupt  the  dc  bus 
currents.  If  the  malfunction  persists,  the  inverter  will  initiate  safe 
emergency  turndo%m,  unloading  of  the  MHD  generator,  and  then  shut  itself  down 
forcing  the  inverter  input  dc  bus  current  and  inverter  output  ac  bus  current 
to  zero. 


1 . 2 SYSTEM  INTERFACES 

The  dc  terminals  of  the  power  converting  bridges  interface  with  the 
consolidation  network  output  terminals,  Power,  up  to  the  maximum  designed 
level,  is  transferred  from  the  MHD  generator  to  the  inverter. 

Inverter  System  control  is  via  low  power  level  control  wires  between  the  power 
system  control  center  and  the  inverter  thyristor  gating  terminals.  Since 
these  gating  terminals  are  at  various  voltage  levels,  suitable  electrical 
isolation  is  provided  between  the  control  circuits  and  the  actual  control 
wires. 

The  34.5  kV,  3 phase,  60  Hz  power  from  the  Inverter  System  interfaces  with  the 
ETF  installation  138  kV  substation  through  a 90  HVA,  34.5-138  kV  step-up 
transformer  up  to  the  systea  rated  capacity.  The  interface  with  the  138  kV 
substation  is  discussed  in  System  Design;  Description  SDD-801 , "Electrical 
System" . 
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The  inverter  eubeystea  interfecee  with: 

1.  The  electrical  consolidation  network  through  the  dc  bus  connections  at 
the  iiq>ttt  tensinals  as  shown  on  Figure  1 in  Section  1.3. 2. 2. 

2.  The  138  kV  substation  through  the  circuit  breaker.  The  138  kV  substation 
is  the  electrical  tie  between  the  Inverter  Systen,  the  turbine  generator, 
the  onidant  coapressor  aotor  startup  transforaer,  the  two  station  service 
transforaers , and  two  utility  coq>any  service  entrances.  This  interface 
has  been  designated  as  the  138  kV  substation  interface.  It  is  a 
seven*teminal  connection  as  sho%m  on  Drawing  No.  8270-1-802*206*001. 

3.  The  supervisory  (facility)  control  systea  through  nuaerous  coaxial  cables 
and  twisted  pair  signal  connections  which  relay  inverter  status  and  bus 
condition  inforaation  to  the  supervisory  control  systea  and  generation 
control  coaaands  back  to  the  inverter  controller. 

4.  The  HHD  power  train  controller  through  twisted  pair  signal  connections 
which  convey  inverter  fault  inforaation. 

The  aajor  coaponents  of  the  inverter  subsystea  include: 

1.  DC  bus  input  switchgear  (and  dc  interrupters) 

2.  DC  input  filters  and  anoothing  reactors 

3.  Inverter  bridges 

4.  Volt  aap  reactive  (var)  coapensation  (line  coaautation  and  capacitor 
banks) 

5.  Haraonic  filters 

6.  Output  transforaer 

7.  AC  switchgear 

8.  Protective  devices  (including  breakers  and  surge  suppressors) 

9.  Instruaentation  aud  control  transducers 

10.  Instruaentation  and  control  signal  processing  (controller) 

11.  Reaote  and  local  control  panels 

12.  Cooling  systea  (forced  nir  inclusive) 

The  inverter  is  located  in  a separate  area  at  a considerable  distance  froa  the 
aagnet  but  adjacent  to  the  consolidation  network.  Leading  into  the  inverter 
are  pairs  of  solid  copper  busbars  froa  the  electrical  consolidation  network 
enclosure.  Leading  out  of  the  20  MW  inverters  are  three  separate  legs,  one 
for  each  inverter  bus,  which  are  also  of  solid  construction.  There  are  cables 
leading  out  froa  the  4 MW  inverters. 
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Coolim 

Proviiiont  are  Mde  for  heat  reaoval  froa  the  dc  ioterrupter  and  Inverter 
bridgea.  Sealconductor  coaponenta  within  the  inverter  will  diaaipate  up  to  2 
HW  , but  are  kept  at  a temperature  of  85^C  or  leaa.  The  tranaforaer  requirea 
cooling  to  diaaipate  up  to  1 HW  at  12b*C  or  leaa.  Forced  air  cooling  ia  uaed. 

Electrical  Power 

The  inverter  encloaure  requirea  125  or  240  volt,  3>phaae,  60  Hz  line  service. 

1 . 3 DESIGN  CRITERIA 

MHD  channel  electrodes  are  connected  diagonally  and  subdivided  into  5 
operating  segaents  of  different  voltages  and  currents.  The  aajor  portion  of 
the  MHD  power  is  extracted  froa  connections  at  each  end  of  the  channel 
(59.6  MV)  and  the  r»ainder  is  taken  froa  4 other  aegaent  connectors 
(30.77  MW)  for  a total  of  90.37  HW. 

Power  output  of  the  channel  varies  according  to  the  aass  flow  of  fuel,  down  to 
30  percent  of  the  noainal  rating.  Both  voltage  and  current  are 
proportionately  reduced  as  fuel  flow  is  reduced.  The  ETF  design  criteria 
specifies  noraal  load  reductions  to  75  percent  of  rated  power.  However,  the 
inverters  have  been  designed  to  operate  froa  100  percent  to  30  percent  rated 
power  to  provide  redundant  capability. 

1.3.1  Codes  and  Standards 


Design  criteria  are  in  accordance  with  applicable  codes,  standards, 
regulations,  and  guides  issued  by  governmental  agencies,  recognized  standards 
organization,  and  the  issuing  contractor  including  the  following: 

1.  American  National  Standards  Institute  (ANSI) 

2.  Institute  of  Electrical  and  Electronic  Engineers  (IEEE) 

3.  Instrument  Society  of  America  (ISA) 

4.  National  Electric  Code  (NEC) 

5.  National  Electrical  !lanufacturer8 ’ Association  (NEHA) 

6.  National  Fire  Protection  Association  (NFPA) 

7.  Occupational  Safety  and  Health  Adminiatration  (OSHA) 

8.  Insulated  Cable  Engineers  Association  (ICEA) 
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1.3.2  P»»itn  Far— eterg 

1.3. 2.1  Line  CoMnitated  Inverter  Systea 

Current  source,  line  coeautated  Inverter  units  have  been  selected  for  the  ETF 
because  of  the  HHD  t*nerator  voltage  and  current  characteristics.  To  reduce 
coi^lexity,  siaqplify  the  design,  and  aake  aaintenance  sisqiler,  the  systea 
eaqiloys  o ly  t«#o  inverter  unit  aises,  20  MW  and  4 HW.  Three  20  MW  units  are 
ganged  i..  series  to  take  the  aain  load;  the  auxiliary  loads  (aakeup  and  bleed 
currents)  are  taken  by  fourteen  4 MW  units  arranged  in  scries*parallel 
connections.  The  inverter  unit  arrangement  is  shoim  in  Figure  1.  The  aain 
load  inverters  operate  at  or  near  thei^  rated  MVA,  while  the  4 MW  units 
generally  operate  at  less- than- rated  capacity.  The  fourteen  4 MW  inverters 
are  served  by  four  17  MVA  transformers  of  identical  design,  while  a single 
105  MVA  trsnsforaer  serves  the  aain  load  inverters. 

Passive  eleaents  are  eaployed  to  provide  reactive  power  compensation.  At 
reduced  loads  the  power  factor  will  decrease  since  reduced  dc  bus  voltage 
increases  var  generation;  however,  since  voltage  and  current  will  be  reduced 
together  during  nomml  operation,  the  net  lagging  vara  will  reaain  roughly  the 
saae.  Three  banks  of  30  MVA  power  factor  correcting  capacitors  are  used;  they 
provide  126  Hvar  of  leading  reactive  potrer  to  coapensate  for  the  lagging  vars 
produced  through  firing  angle  delay. 

Harmonic  cancelling  and  filtering  is  eaployed  to  ensure  ac  waveforms  that  will 
not  cause  hara  to  either  the  transaission  line  custoaers  or  other  generators 
within  the  system.  The  first  four  characteristic  harmonics  (Sth,  7th,  11th 
and  13tb)  are  suppressed  in  the  20  MW  inverter  units  by  phasing  them  apart 
from  each  other  at  20"  intervals.  For  the  4 HW  units,  loads  are  balanced 
between  delta  and  wye  transformer  windings  so  that  the  Sth  and  7th  harmonics 
are  cancelled.  In  addition,  resonant  filters  are  provided  on  the  inverter  bus 
for  the  Sth,  7th,  11th,  and  13th  haraonics  while  a high-pass  filter  is  used  to 
remove  the  higher  harmonics. 

Various  line  and  dc  bus  voltage  safety  factors  are  also  built  into  the 
inverters.  The  dc  voltage  safety  factor,  namely  the  ratio  of  (rectified  dc) 
line  voltage  to  the  (actual  dc)  input  voltage,  which  includes  the  steady-state 
variations  expected  in  these  voltages  plus  a 20  percent  dynamic  change  in  the 
line  in  the  event  of  a line  fault  or  the  clearing  of  surge  arrestors,  exceeds 
1.76  in  all  units.  The  ratio  of  nominal  thyristor  blocking  voltage  to  the 
noainal  voltage  is  3.52  or  better  in  all  units.  Because  of  these  large  safety 
factors,  the  instantaneous  loss  of  comautation  in  any  one  unit  in  a series 
string  is  not  catastrophic;  the  reswining  Inverters  have  sufficient  reserve 
voltage  capability  to  allow  the  failed  unit  to  be  bypassed,  cleared,  and 
re-instated  within  a few  cycles. 

1.3.2>2  Inverter  Unit  Arranges^nt 

Figure  1 indicates  the  connection  arrangeaent  of  the  inverter  units.  This 
arrangement  can  also  be  seen  on  Drawing  No.  8270-1-802-206-001  "ETF  Electrical 
One  Line  Diagraa".  As  discussed  in  the  previous  section,  the  4 If.'}  units  are, 
in  general,  not  loaded  to  their  full  capacity  but  share  a coaaon  design  so 
that  system  cost  is  ainiaixed. 
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FIGURE  I 

INVERTER  UNIT  ARRANGEMENT 
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2.0  DE8ICT  DESCRimoil 

The  Inverter  Syetea  equipewnt  cjneitts  of  interface  equipnent  aatchini  the 
consolidation  network  teminala,  aeries  reactors,  protective  circuit  breakers, 
inverter  bridges,  coasutated  inverters,  bypass  circuits  for  each  inverter, 
line  transfoncrs,  hanonic  filtera,  and  capacitive  reactance  coapensation  for 
the  inverters. 

Control  of  the  power  flow  originates  at  the  central  control  point  and 
interfaces  with  the  Inverter  Systea  through  gate  control  of  power  thyristors 
in  the  inverter  bridges. 

2.1  SUMMARY  DESCRIPTION 

(Reference  Drawing  No.  82/0-1-802-206-001) 

The  HBD  generator  connections  are  arranged  to  provide  one  large  block  of  power 
as  if  the  channel  were  a single,  diagonally  connected  power  aource.  This 
power  aswunts  to  2/3  of  the  output  of  the  channel  and,  to  reduce  haraonic 
effects  on  the  line,  it  inverted  in  three  equivalent  series  20  MW  inverters 
with  a coHBon  105  MVA  transforaer.  With  the  three  20  MW  inverters,  the  series 
reactance  between  the  inverters  and  the  channel  is  reduced  and,  although 
haraonic  content  cannot  be  coapletely  reaoved  with  a line  coaautated  inverter, 
haraonics  through  the  11th  and  13th  are  greatly  reduced. 

The  reaainder  of  the  channel  is  served  by  a groiq>  of  fourteen  4MW  inverters  of 
lesser  voltage  and  current  and  a group  of  4 saaller  transfonsers  (17  MVA 
each) . The  inverters  are  protected  on  the  dc  side  with  circuit  breakers  and 
on  the  ac  high  voltage  side  with  circuit  breakers  and  disconnects.  The 
inverter  transforaers  are  protected  oc  the  34.5  kV  side  with  oil  filled, 
outdoor  circuit  breakers. 

Since  the  line  coaautated  systea  produces  reactive  vars  soaewhat  in  proportion 
to  the  (ctual  power  transferred  to  the  ac  line,  the  transforsMrs  are  sized  for 
these  vars  and  large  capacitor  banks  aust  be  furnished  for  reactive 
coapensstion.  Capacitor  banks  are  aounted  near  the  transforaers  and  are 
provided  with  suitable  switchgear  and  protective  equipaent. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaent 

2.2. 1.1  20  MW  Inverters 

These  inverters  have  a noainal  capacity  of  2,000  aaperes  and  10,000  volts. 
Three  of  thea  are  used  in  series  across  the  suin  output  of  the  channel.  Each 
inverter  is  fired  at  the  sane  phase  angle,  a function  of  power  level,  and  each 
inverter  is  controlled  in  unison  with  the  other  two  inverters  to  reduce 
haraonics . 

To  keep  the  circuitry  for  this  circuit  sisqile,  the  gating  control  of  the 
in*'erters  is  not  tied  to  the  extinction  angle  of  the  particular  wave  being 
presented  to  a phase,  but  cones  fron  a aaster  control  which  sets  the  angles 
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precisely  by  digital  neaas.  Since  each  thyristor  la  the  large  series  string 
in  each  of  the  inverter  legs  is  at  a different  potential,  each  one  has 
separate  isolation  for  its  gating  signal. 

Since  the  current  to  be  switched  by  the  20  MW  inverters  is  2,000  aisperes, 
their  cost  is  oiiniDized  by  choosing  thyristors  large  enough  to  switch  all 
current  in  a single  device  without  need  for  paralleling.  The  General  Electric 
C7e3  or  its  equivalent  is  used. 

The  voltage  rating  of  the  thyristors  in  these  line  commutated  inverters  takes 
into  account  all  occurances  that  could  happen  on  both  the  dc  and  the  ac  side 
of  the  inverter.  Factors  bring  the  transformer  ratio  up  to  a peak  voltage  of 
1.76  times  the  nominal  dc  voltage.  Some  of  the  factors  are  needed  to  maintain 
a safe  firing  angle  and  some  are  to  take  care  of  the  probability  that  the  ac 
line  voltage  will  dip  and  there  will  not  be  enough  voltage  to  make  the  current 
transfer  at  the  appointed  tisie.  These  factors  isay  be  reduced  slightly  but 
keeping  them  high  tends  to  give  better  reliability.  A 2.0  factor  is  used  to 
account  for  ac  line  transients.  Thus  the  2 factors,  1.76  for  peak  transfonser 
voltage  and  2.0  for  transients  multiply  to  give  a factor  of  3.52  tisies  the 
nominal  dc  volts  for  the  peak  forward  and  peak  inverse  voltage  on  the 
thyristors.  For  example,  if  3,600  volt  thyris!:or  units  are  used,  12 
thyristors  are  required  per  leg  of  the  full  wave,  3 phase  bridge. 

2. 2. 1.2  4 HW  Inverters 

The  4 HW  inverters  have  a nominal  capacity  of  800  amperes  and  5 kV.  Even 
though  the  highest  current  per  inverter  is  only  800  amperes,  the  lower  current 
units,  300  and  700  amperes  are  of  the  same  construction  for  replacement 
purposes  and  because  thyristors  come  in  discrete  sizes  and  in  a better 
cons*^ructica  and  higher  quality  for  larger  units.  These  inverters  use, 
typically,  the  GE  type  C602  and  have  7 series  units  with  an  extra  place  for  an 
8th  unit  for  redundancy  and  rapid  replacement. 

Since  many  different  currents  and  voltages  are  used  with  these  inverters, 
pairs  of  nearly  eoual,  or  equal,  inverters  are  connected  to  delta  and  wye 
transformer  windings  which  phase  them  at  30  degrees  apart  and  tend  to 
eliminate  the  5th  and  /th  harmonics. 

2. 2. 1.3  105  MVA  Transformer  for  20  MW  Inverters 

When  three  line  commutated  inverters  are  connected  into  a single  transformer 
at  a 20°  electrical  phase  angle  from  each  other,  the  current  harmonics 
produced  by  each  are  cancelled  by  the  other  two  and  there  will  only  be 
harmonics  due  to  small  variations  in  the  firing  angles  (due  to  differences  in 
the  commutation  overlap  cauiCj  by  differences  in  leakage  reactance  of  the 
windings  feeding  the  inverters).  Precise  firing  eliminates  a large  portion  of 
these  firing  angle  differences  and,  since  these  three  inverters  are  in  series 
and  must  have  the  same  current,  there  is  nearly  perfect  harmonic  cancellation. 
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Since  all  three  inverter  bridge  vnltagea  are  at  different  dc  potential  leveli, 
there  are  no  connon  winding!.  Therefore,  the  20  MW  invertera  are  each 
supplied  with  a aeparate  phase  winding  on  the  aaae  transformer.  The  windings 
have  nearly  the  sane  leakage  reactance  (usually  done  by  making  their  geometry 
equivalent),  to  help  cancel  hacmonica. 

The  output  of  this  transformer  is  suitable  for  direct  connection  to  the  34.5 
kV  high  voltage  power  output  line.  The  voltage  of  each  of  the  windings  is 
high  enough  to  overcmae  all  of  the  adverse  factors  in  terms  of  voltage  and  is 
such  that  with  a 1.76  factor  between  peak  voltage  and  dc  nominal  there  are 
12,445  volts  line  to  line  on  each  of  the  inverter  windings.  The  total 
capacity  of  the  trsnsforsMr  is  105  MVA.  A standard  voltage  ratio  of 
34.5  " 12.47  kV  is  used  for  this  105  HVA  transformer. 

The  transformer  secondary  insulation  voltage  is  determined  by  the  transformer 
secondary  voltage  floating  on  the  consolidation  volvage.  In  calculating  the 
worst  case  transforsMr  secondary  voltage,  it  wfs  assumed  that  the  most 
negative  invester  failed  in  each  string,  with  the  reaaining  investors 
continuing  to  operate. 

The  105  HVA  transforsMr  does  not  use  taps  to  try  to  reduce  the  lagging  power 
factor  produced  during  the  lower  voltage  (lower  power)  operation. 

2. 2. 1.4  17  MVA  Transformers  for  4 HW  Inverters 

The  interconnection  of  the  4 HW  inverters  to  the  channel  is  accomplished  using 
a somewhat  special  group  of  transformers.  Since  5 of  the  inverters  are  on  a 
300  anpere  circuit,  the  transformers  are  wound  with  8 windings  sized  for  these 
inverters.  The  reauinder  of  the  windings  are  sized  for  the  700  ampere 
inverters,  and  the  600  ampere  winding  is  serviced  from  two  windings  paralleled 
on  one  of  the  transformers.  The  individual  transformers,  of  which  there  are 
4,  have  a primary  winding  set  for  the  34.4  kV  intermediate  voltage  and  17  MVA 
with  a set  of  4 secondary  windings  an  follows: 

1 Delta  winding  with  575  Amps  at  6,030  volts  (6MVA) 

1 Delta  winding  with  250  Ampn  at  6,000  volts  (2.6  HVA) 

1 Wye  winding  vdth  575  Amps  at  6,000  volts  (6  HVA) 

1 V^e  winding  with  250  Amps  at  6,000  volts  (2.6MVA) 

Differences  in  inverter  dc  voltage  levels  are  resolved  by  phase  control  of  the 
individual  inverters. 

2.2. 1.5  90  MVA  Inverter  Bus  Transformer 

HKD  power  to  the  138  kV  substation  is  delivered  via  the  34.5  kV  to  138  kV 
step-up  transformer.  To  mazimize  this  unit's  efficiency,  its  impedance  is 
reduced  from  a standard  8 percent  to  6-1/2  percent.  Its  base  rating  at  55**C 
temperature  rise  is  90  HVA  without  forced  air  cooling  and  120  MVA  with  fan 
cooling  employed.  Based  upon  a 10,000  HVA  fault  at  the  substation,  the  three 
phase  line  fault  current  on  the  34.5  kV  bus  is  20,354  A (sysnetrical) 
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The  90  MVA  treneforeer  it  located  outdoort  between  the  inverter  building  and 
the  aubatation. 

2. 2. 1.6  DC  Filter  Reactora 

Aa  uaed  here,  the  line  coonutated  inverter  ayatea  ia  a current  aource  ayateo 
and  auat  have  an  input  reactance  to  keep  the  current  aubatantially  conatant. 
Since  the  current  at  niniauai  load  ia  brought  down  to  approxinately  50  percent 
noaiinal  full  load  current,  the  operation  ia  in  continuoua  conduction  down  to 
thia  current  level.  The  borderline  between  continuoua  and  diacontinuoua 
conduction  in  a dc  ayaten  occura  when  the  current  reaches  0 at  the  bottom  of 
the  ripple.  This  is  set  aa  the  minimum  Inductance  point;  all  higher  currents 
are  in  continuous  conduction  and  will  not  go  to  zero;  all  currents  below  this 
point  will  go  through  zero  at  the  bottom  of  the  ripple. 

The  branch  of  the  circuit  with  the  three  phased  inverters  taking  60  MW  of  the 
dc  power  has  a relatively  high  frequency  ripple  which  reduces  the  size  of  the 
needed  series  reactance  to  1.5  mH  (continuous  conduction  at  half  current). 
This  reactance  is  of  the  iron  core  "swinging  type"  and  is  designed  for  1.5  mH 
at  full  load  current  with  a higher  value  at  half  current  to  prevent 
discontinuous  conduction. 


The  smaller  inverters  do  not  have  as  much  ripple  on  their  current  since  they 
are  phased  at  30  degrees  apart.  For  the  single  inverter,  there  is  no  other 
inverter  to  share  its  current  so  it  must  have  enough  inductance  in  its  circuit 
to  keep  it  in  conduction  for  30**.  These  inductances  are  of  the  swinging  choke 
type  and  are  about  twice  the  minimum  figure  at  half  current. 


Inverter  Group 

5 - 300  ampere  inverters  in  series 

4 - 600  ampere  inverters  in  series 

3 - 700  ampere  inverters  in  aeries 

2 > 800  ampere  inverters  in  parallel 

3 - 2,000  ampere  inverters  in  series 

2. 2. 1.7  Peactive  Power  Compensation 


Required  Inductance 

min.  21.0  mH 
min.  8.0  aiH 
min.  4.7  mH 
min.  6.0  mH 
min.  1.5  mH 


The  general  philosophy  followed  in  this  system  design  is  to  ignore  the 
reactive  power  generated  by  the  inverters  and  to  compensate  for  it  on  the  ac 
side.  This  approach  is  used  to  keep  the  design  as  simple  and  repetitious  as 
possible.  In  addition,  the  large  bank  of  capacitors  makes  a low  resistance 
sink  for  high  frequency  currents,  reducing  the  possibility  of  the  high 
frequency  currents  being  propagated  chroughout  the  system. 

Part  of  the  reactive  coaipensation  comes  from  the  harmonic  filter  units,  which 
are  tuned  to  a particular  frequency,  and  the  remainder  through  the  straight 
capacitor  banks.  It  is  necessary  to  have  small  5th  and  7th  filters  and  small 
11th  and  13th  filters  plus  a filter  to  catch  the  higher  harmonics,  in  addition 
to  setting  up  the  inverters  to  cancel  many  of  the  harmonics.  As  the  inverters 
are  phase  shifted  to  reduce  the  output  power,  the  harmouic  content  of  the 
output  will  increase  even  though  a smaller  amount  of  power  is  delivered  to  the 
system. 
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With  an  output  power  of  90  MW  aad  a factor  of  1.76  betweeu  dc  volta  and  peak 
ac  voltage » 130  HVAR  of  leading  reactive  power  la  provided. 

Part  of  the  130  HVAR  coaiea  froa  the  filter  banka  which  carry  leading  60  Hz 
reactive  power  aa  well  as  currents  at  their  tuned  frequency.  The  reswlnder  of 
the  capacitora  are  divided  Into  three  banks.  These  capacitors  are  brought  on 
the  line  through  34.5  kV  oil  circuit  breakers. 

2. 2. 1.8  Haraonlc  Filters 

Haraonics  are  cancelled  by  the  three  20  MW  inverter  phasing  systea  and  by 
balancing  the  delta  and  wye  windings  in  the  suaaation  of  powers  froa  the 
saaller  Inverters.  Due  to  coaautation  overlap  and  differences  in  leakage 
reactance  wlndlng-to-windlng^  the  actual  cancellation  is  iocosiplete.  The 
haraonic  filters  are  designed  to  pick  up  reaalning  harmonics  and  to  keep  the 
systea  within  reasonable  bounds  If  some  of  the  Inverters  are  not  In  operation. 

The  lower  frequency  hansonics  cause  the  amst  trouble  on  the  power  line  and  are 
the  highest  in  absolute  magnitude.  In  terns  of  the  total  ac  current,  the 
normal  naxlaun  harmonic  current  will  be  the  system  current  divided  by  haraonic 
order  (n),  where  n Is  5,  7,  11,  13,  17,  19,  23,  25,  etc.  Some  of  these 
harmonics  are  missing  where  harmonic  cancellation  Is  employed.  Table  1 shows 
the  haraonic  and  the  hanranic  currents  at  60  MW  for  the  3 large  Inverter 
systems  and  30  MW  for  the  rest,  assuming  1 aW  unbalance  between  delta  and  wye 
in  the  smaller  inverters. 


TABLE  1 

Hansonic  Level  on  34.5  kV  Bus  Without  Effect  of  Harmonic  Filters 
(Fundamental  Current  is  2,650  Amperes,  rms) 


Harmonic 

P.U.  Theory* 

60  MW  Inv. 

30  MW  Inv. 

1 MW  Unbal 

Total  X 

5 

0.175 

- 

- 

5.16  A 

0.2 

7 

0.111 

- 

- 

3.26  A 

0.1 

11 

0.045 

- 

40  A 

1 .32  A 

1.56 

13 

0.029 

- 

25.6  A 

0.86  A 

1.0 

17 

0.015 

26.6  A 

- 

0.4  A 

1.0 

19 

0.010 

17.6  A 

- 

0.2  A 

0.7 

23 

0.009 

- 

8.0  A 

- 

0.3 

25 

0.008 

> 

7.0  A 

- 

0.3 

* EPRI  EL  1627  Project  1024-1  Nov.  1980  "Study  of  Distribution  System  Surge 
and  Harmonic  Characteristics"  Appendix  E,  Calculation  of  Inverter  Harmonics." 
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Each  of  the  filters  for  the  four  lower  harsoaics  ia  aet  below  the  haraonlc 
reaooaace  point  by  0.3  harmonic  ratio  to  fundamental  (4.7  for  the  Sth.  etc.). 
The  capacitors  are  sised  so  that  harmonic  current  ia  a minor  factor  in  their 
loading  (8  MVAR  per  bank)  and  the  reactors  are  to  be  wound  as  Maxwell  coils. 
The  Maxwell  coil  provides  the  most  reactance  for  a given  length  of  wire  which 
ia  easily  predictable.  These  colls  are  mounted  in  the  switchyard  with  at 
least  3 coil  diameters  between  them. 

Three  coils  are  required  for  each  three  phase  filter.  The  coils  are  mounted 
in  seriea  with  the  capacitor  banka.  Table  2 gives  dimensions  of  the  reactors. 
The  copper  is  sized  at  333  amperes/ square  inch  of  conductor  and  it  fills  40 
percent  of  the  winding  space  for  each  turn.  The  wire  is  standard  size  and  the 
insulation  is  gauged  on  the  basis  of  the  voltages  in  the  circuit. 

TABLE  2 

Harmonic  Filter  Physical  Sizing  of  Reactance 


Harmonic 

(ohms) 

60  Hz 
Capacitor 
(Mvar) 

Series 

Reactance 

(siH) 

Estimated 

Diameter 

(inches) 

Wt. 

Copper 

(lbs) 

Tot.  Wt. 
(est.) 
(lbs) 

4.7 

62.25 

12.2 

17.9 

51.4 

2,570 

3,200 

6.7 

44.35 

10.7 

8.8 

44.6 

1,679 

2,000 

10.7 

27.75 

8.6 

3.4 

37. 

958 

1,200 

12.7 

23.4 

8.5 

2.4 

34.5 

777 

1,000 

16.7 

35.6 

4.1 

2.7 

27.2 

381 

500 

The  4.1  MVAR 

reactors 

are  for  the  16. 

.7th  harmonic 

and  high  pass 

filter. 

Each  of  the  filter  banks  will  be  connected  to  the  34.5  kV  by  means  of  a 34.5 
kV,  1200  A rated  standard  oil  circuit  breaker. 

The  high  pass  filter  is  designed  to  remove  a considerable  part  of  the 
harmonics  at  high  end  frequencies.  It  is  designed  to  include  the  next  higher 
characteristic  harmonic  than  the  one  having  the  fixed  frequency  tuned  filter. 
To  t --oaden  its  range,  it  is  built  with  a lower  impedance  level  (Q)  (more 
losses)  than  the  fixed  frequency  filters. 

The  4.1  MVAR  capacitor  bank  for  the  high  pass  filter  is  chosen  so  that 
harmonic  currents  are  a minor  part  of  the  current  capability  of  the  capacitors 
selected,  so  that  they  can  be  the  saaie  as  the  main  bank  of  power  factor 
correcting  capacitors,  thus  reducing  capacitor  spares  inventory. 
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The  resonant  frequency  of  the  high  pass  filter  is  chosen  at  16.7  tisws  60  Hz 
so  that  it  is  not  in  actual  resonance  with  the  17th  hanonic  (which  is  quite 
large).  The  resistor,  which  reduces  the  Q of  the  circuit  peniitting  it  to 
cover  a wider  range  of  hansonics,  is  paralleled  to  the  inductance  on  the  basis 
that  the  60  Hz  isqpedance  of  the  inductance  is  low  and  only  the  higher  hanaonic 
voltages  will  appear  across  the  reactor.  On  the  basis  of  a Q of  30,  this 
resistor  is  550  ohas.  Each  phase  has  a loss  of  about  1 kW  and  the  resistor  is 
sized  to  give  a safety  factor  of  4 for  this  circuit  eleaent. 

In  the  event  that  an  inverter  is  not  operating  and  cancelling  hamonics , the 
various  hazMnic  filters  will  see  an  added  load.  Since  this  part  of  the 
circuit  is  located  outside  in  the  substation  area,  the  equipaent  supplied  is 
aaply  designed  physicslly  to  withstand  the  over  voltage  and  currents  caused  by 
operation  without  full  inverters. 

2. 2. 1.9  Inverter  Bypass  Circuits 

The  inverter  bypass  consists  of  a string  of  thyristors  capable  of  carrying  the 
full  dc  inverter  bridge  current.  In  the  event  of  a shoot-through  of  the 
inverter,  the  b3rpsss  is  activated  by  gating  its  thyristors  on  with  a pulse. 
Current  flows  through  the  bypass  until  the  phasing  of  the  inverter  is  advanced 
so  that  the  inverter  becomes  a rectifier.  At  this  point  the  rectifier  is 
capable  of  diverting  current  away  from  the  bypass  and  into  the  inverter  acting 
as  a rectifier.  Once  current  stops  on  the  bypass  circuit,  the  thyristors 
regain  control  and  voltage  is  held  off.  The  rectifier,  in  the  meantime,  is 
phaiied  back  until  it  becomes  an  inverter  and  again  takes  its  share  of  the 
load. 

The  bypass  thyristors  have  to  carry  the  entire  dc  current  of  the  bridge  for  a 
short  period  of  time.  It  is  highly  desirable  that  bypass  thyristors  be 
capable  of  carrying  the  whole  current  in  one  thyristor.  General  Electric 
Company  C782,  2,400  volt  thyristors  are  used.  The  means  for  grading  the 
voltage  between  thyristors  in  the  series  string  is  similar  to  that  used  in 
grading  the  voltages  along  the  series  thyristor  strings  in  the  legs  of  the 
inverter  bridges. 

The  smaller  inverters  are  also  be  equippped  with  bypass  circuits.  In  these 
cases,  the  large  thyristors  of  the  type  used  in  the  20  MW  inverter  have  enough 
current  capacity  and  are  used  in  the  same  series  number  that  is  used  in  the 
small  inverter  legs. 

2.2.1.10  Inverter  AC  Circuit  Breakers 

Each  inverter  bridge  is  provided  with  a circuit  breaker  to  disconnect  it  from 
the  ac  line  in  the  event  of  a problem  within  the  inverter.  For  the  most  part, 
the  problems  are  temporary  loss  of  voltage  capability  due  to  failure  to 
commutate.  If  this  is  the  case,  the  inverter  will  again  be  functional  after 
voltage  is  reapplied  and  the  inverter  has  gone  through  the  regaining  current 
control  from  the  bypass  circuit. 
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The  protection  for  the  transforaere  and  the  capacitor!  (harmonic  filters  and 
power  factor  correction)  are  3A.5  kV  oil  circuit  breakers.  The  120  HVA 
current  rating  of  the  90  HVA  HHD  transformer  is  2,008  A st  34.5  kV. 

Therefore,  2,000  A oil  circuit  breakers  (O.C.B.)  are  selected  for  the  lOS  HVA 
inverter  transformer  protection  and  the  90  HVA  HHD  ac  output  transformer 
protection.  (This  is  the  maximum  standard  current  rating  for  a 34.5  kV  oil 
circuit  breaker).  Ths  remaining  O.C.B* s are  rated  at  1,200  A which  is  the 
minimum  standard  rating  available  for  a 34.5  kV  oil  circuit  breaker. 

The  34.5  kV,  1,200  ampere  O.C.B  *s  have  a symmetrical  interrupting  current 
rating  of  22,000  A at  38  kV  (also  rated  at  24,200  A at  34.5  kV) . 

The  criteria  for  selecting  the  HHD  inverter  ac  bus  voltage  is  focused  on 
fulfilling  all  technical  requirements  at  a minimum  cost.  Standard  equipment 
is  selected  to  keep  the  cost  to  a minimum.  Also,  the  bus  voltage  is  kept  as 
low  as  possible  without  increasing  the  current  beyond  standard  equipment 
ratings.  FurthersMre,  the  equipment  is  rated  to  withstand  the  maximum  fault 
possible.  Selection  of  a 34.5  kV  bus  voltage  and  the  120  HVA  swximum 
transformer  output  sets  the  maximum  current  at  2,000  A.  The  34.5  kV  bus 
voltage  is  the  lowest  voltage  rating  to  have  a standard  interrupting  rating 
high  enough  for  the  fault  current  available  from  the  138  kV  substation. 

2.2.1.11  DC  Resistor  Loads,  Interruption,  and  Croi^arring 

A brute  force  system  is  used  to  dissipate  the  dc  smoothing  reactor  current  in 
the  event  of  an  inverter  malfunction  and  to  provide  an  alternate  path  for 
generator  current  to  flow  until  the  fault  can  be  cleared  or  the  generator 
unloaded.  Resistor  load  banks  and  puffer  type  sulfur  hexafluoride  (SF^) 
circuit  breakers  are  used  as  shown  in  Figures  2 and  3.  The  purpose  of  each 
load  bank  is  to  act  as  the  generator  load  for  a ten-second  period,  if  and  when 
more  than  one  inverter  unit  in  a particular  string  fails.  The  sequence  of 
this  operation,  initiated  when  the  inverter  string  loses  control  and  becomes 
shorted,  is  shovm  on  Figures  2 and  3. 

The  three  20  MW  inverters  use  a ten  second  resistor  rated  at  30  kV  and 
2,000  A.  Breakers  A and  B operate  as  described  in  Figure  2.  If  fault 
clearing  cannot  be  completed  within  5 seconds,  emergency  generator  turndown  is 
initiated  so  that  the  generator  and  its  power  conditioning  equipment  is 
unloaded  and  de-energized  within  the  remaining  5 second  period. 

Each  of  the  4 MW  inverter  strings  uses  a similar  system  of  SF^  puffer  type 
circuit  breaker  except  that,  as  shown  in  Figure  3,  an  additional  breaker 
(Breaker  C)  is  used.  This  breaker  opens  the  inverter  string  at  the  end  of 
10  seconds,  if  the  fault  has  not  been  cleared.  The  generator  continues  to 
operate  in  spite  of  the  failure  of  any  one  particular  string,  but  will  revert 
to  emergency  turndomi  if  additional  strings,  or  the  main  load  inverter, 
malfunction. 
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FIGURE  2 

RRUTE  FORCE  SYSTEM  TO  REMOVE 
CURRENT  FROM  THE  20MW  INVERTER  STRING 
(SEE  DWG.  •270-1-l02-20€-0l1 ) 


XESISTM 


SEQUENCE: 

1. '  OPEN  A. C.  CB  TO  EACH  OF  THE  3 INVERTERS 

2.  OPEN  A UNTIL  CHANNEL  LOADS  SHIFTS  INTO  THE  RESISTOR. 

3.  CLOSE  I,  RELIEVING  INTERNAL  PATHS  IN  TNE 

INVERTERS  OR  ITPASS  UNITS. 

4.  OfEN  B AT  END  IF  5 SECINOS. 

5.  IF  TROUBLE  PERSISTS,  SHUT  DOWN  CHANNEL  VITHIN  AN 
ADDITIONAL  5 SECINIS. 
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FIGURE  3 

BRUTE  FORCE  SYSTEM  TO  REMOVE 
CURRENT  FROM  EACH  STRING  OF  4MN  INVERTERS 
(SEE  DWG.  1270-1 -I02-206-Q01) 


SEQUENCE; 

t.  OPEN  A.C.  CR  TO  EACH  OF  THE  3 INVERTERS 

2.  OPEN  A UNTIL  CHANNEL  LOADS  SHIFTS  INTO  THE  RESISTOR. 

3.  CLOSE  B,  RELIEVING  INTERNAL  PATHS  IN  THE  INVERTERS  OR  BYPASS  UNITS. 

4.  OPEN  B AT  END  OF  5 SECMOS. 

5.  IF  TROUBLE  PERSISTS  OPEN  C RITHIN  AN  ABOITIONAL  5 SECONDS  TO  ALLOW 
CHANNEL  TO  OPERATE  ON  THE  REMAINING  INVERTER  STRINGS. 
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2.2.1.12  Detailed  Deiign  and  Location 
Inverter  Cooling 

Forced  air  and  convection  cooling  ii  enployed  thus  allowing  eaay  acceaa  to 
coaponenta  when  the  power  ia  off.  Cooling  for  individual  thyristors  and  their 
heat  ainks  ia  provided  by  a plenuai  chamber  of  moderate  volume,  supplied  with 
pressurised  air.  Each  thyriator  and  heat  sink  takes  its  air  from  a calibrated 
leak  (opening)  in  the  plenum  chamber,  which  ensures  uniform  cooling  for  each 
assembly.  Cooling  air  supply  to  each  plenum  is  fed  through  ducting  network, 
provided  by  the  facility. 

20  MW  Inverters 


Each  individual  thyristor  is  mounted  on  an  aluminum  heat  sink  with  its  own 
clamp.  Assembly  dimensions  are  approximately  15  in.  by  15  in.  by  18  in.  long. 
Gating  and  grading  resistor  assemblies  are  also  SK>unted  to  this  module,  in 
addition  to  the  heat  sink.  Module  size  is  24  in.  by  24  in.  by  36  in.  wide. 
Stacking  the  12  modules  needed  for  the  applied  voltage  yields  a stack  that  is 
24  feet  high.  Rather  than  uae  a stack  24  feet  high,  the  stack  is  broken  into 
2 sections  of  12  feet  each.  Since  each  inverter  bridge  contains  six  legs 
there  are  12  stacks  of  modules  in  all  for  a single  20  MV  inverter.  The  stacks 
are  arranged  in  groups  of  six,  with  a common  plenum  chamber  between  the  backs 
of  the  six  stacks,  and  wans  air  exiting  from  the  front  face  of  the  modules. 
Inverter  module  access  is  entirely  through  the  front  face;  a portable  platform 
is  provided  for  service  personnel  to  gain  entry  for  maintenance  and 
replacement . 

No  supplementary  swchanical  lifting  machinery  is  required  for  inverter  service 
since  all  component  parts  are  light  enough  to  be  removed  and  carried  by  hand. 

The  bypass  thyristors  are  mounted  in  groups  of  stacks  adjacent  to  the  inverter 
stacks  in  a manner  similar  to  the  inverter  bridge  thyristors. 

DC  smoothing  reactors  are  mounted  at  the  end  of  each  inverter  bay.  The  output 
(ac)  leads  exit  the  bay  vis  solid  bus  bars  to  the  105  MVA  transformer  which  is 
located  in  the  switchyard. 

4 MW  Inverters 


Each  4 MW  inverter  is  made  up  of  six  legs  of  individual  modules  which  contain 
thyristor  assemblies,  grading  resistors,  gating,  and  protective  circuits.  The 
number  of  modules  per  leg  is  determined  by  the  working  dc  voltage.  The  back 
of  each  heat  sink  face  •‘fsts  against  a plenum  chamber  which  is  drilled  to 
meter  cooling  air  as  previously  discussed.  Each  module  is  approximately 
18  in.  by  18  in.  by  18  in.  high.  They  are  stacked  on  an  insulated  platform 
which  also  contains  the  dc  smoothing  reactor.  The  ac  breakers  and  17  MVA 
tranaformers  are  located  in  the  switchyard. 
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But  Work  and  loterconnectt 


The  dc  currents  to  the  inverter  tyiten  ere  presented  in  seven  copper  bus  bars 
of  appropriate  size  for  the  currents  delivered.  This  bus  work  is  brought  up 
to  a height  suitable  to  clear  the  inverter  bay  equipswnt  and  then  drops 
vertically  into  each  individual  inverter  unit.  Once  Inside  the  individual 
inverter  bay,  the  currents  will  pass  through  saoothing  reactors  before 
reaching  the  bridges.  Reactors  are  air  gap  iron  core  type.  Input  disconnect, 
diversion,  and  isolation  switching  is  located  near  the  top  of  each  bay  between 
the  buses  and  reactors. 

The  ac  leads  from  the  inverters  exit  via  the  top  of  each  inverter  stack  and 
are  routed  to  the  vacuum  breakers.  The  leads  then  pass  through  the  walla  of 
the  inverter  building  to  the  transformers. 

Gating  and  control  leads  are  brought  to  the  inverters  through  conduit  to  the 
control  room. 

2.2.2  Piping  and  Valves 

Inverters  are  forced  air  cooled  and,  therefore,  no  piping  or  valves  will  be 
used.  Air  cooling,  instead  of  water  cooling,  increases  operating  reliability. 

2.2.3  Electrical 

Approxintately  90  MW  of  dc  power  from  the  various  electrical  segments  of  the 
MHD  generator  have  to  be  inverted  to  60  Hz  3-phase  ac.  The  apparatus  to  make 
this  conversion  is  described  in  the  prior  sections. 

Restrictions  on  the  ac  power  may  limit  the  system  to  providing  less  than  1 
percent  of  any  particular  harmonic  and  less  than  3 percent  for  the  algebraic 
sum  of  the  harmonics. 

On  the  dc  end,  provision  are  made  to  remove  the  inverters  from  the  channel  in 
the  event  of  a short  circuit  or  the  equivalent  since  the  channel  could  be 
damaged. 

Since  the  basic  ETF  system  is  a current  source  system,  the  inpu*:  reactor 
absorbs  any  ripple  from  the  channel  or  from  its  consolidating  system.  This 
makes  the  inverting  system  insensitive  to  almost  any  transient  that  occurs  in 
the  consolidating  network. 

2.2.4  Instruments.  Controls  and  Alarms 
2.2.4. 1 General 

The  34.5  kV  bus  which  distributes  power  to  and  from  the  inverters,  is  a 
primary  reference  for  phase  and  voltage  of  the  power  system.  To  provide 
redundancy  for  this  signal,  there  are  two  potential  transformers  capable  of 
bringing  signals  of  voltage  and  frequency  at  this  bus  to  the  control  room. 
These  two  signals  are  to  be  brought  to  a common  control  room  to  display  the 
frequency  and  vcHage  at  any  instant  on  the  bus  for  all  of  the  inverters  and 
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the  tyttea.  This  also  includes  filters  sod  check  points  can  also  be  Bonitored 
by  checking  these  signals  to  keep  the  reference  froe  reacting  to  any  frequency 
other  then  60  He  or  its  near  equivalent. 

The  line  frequency  signals  supply  a digital  reference,  corrected  every  30*  at 
the  line  frequency.  This  digital  reference,  plus  set-in  delays,  provides  the 
tiaing  for  firing  signals  on  all  of  the  inverters.  Inasauch  as  the  operation 
of  the  systea  is  well  below  the  constant  extinction  angle  point  as  used  in  HV 
dc  transaiission  lines,  the  digital  systea  provides  firing  points  that  are 
spaced  equally  in  tiae  and  help  to  cancel  haraonics. 

The  entire  group  of  inverters,  once  adjusted  for  noninsl  conditions  and  in  an 
efficient  power  range  for  the  generator,  are  phase  shifted  forward  and 
backward  as  a unit.  The  aaster  controller  adds  1*  to  the  firing  points  of  all 
inverters  as  a group. 

The  individual  groups  of  inverters  are  provided  with  aeans  to  set  their  phase 
angle  with  a certain  number  of  points  ahead  or  behind  the  preplanned  aaster 
point.  This  allows  them  to  aske  up  for  voltages  in  the  channel  which  are  not 
expected  and  to  compensate  for  transformer  voltages  that  are  too  high  or  too 
low  for  the  voltages  actually  found.  (The  transformers  were  specified  without 
taps  to  adjust  this  factor,  taking  a small  penalty  in  vars  formed  to  keep  the 
systea  simple  and  repetitive.)  Firing  angle  with  digital  readout  display 
provided  for  each  inverter.  If  desired,  this  information  can  be  stored  in  a 
computer  data  bank  to  record  transient  behaviors. 

The  inverter  margin  angle  for  this  system  is  relatively  large  ano  ^:«s  a 
considerable  factor  of  safety.  The  chance  of  a fault  occurring  due  to  s line 
transient  is  reduced  from  that  found  in  the  HV  dc  line.  Nevertheless,  i.^  a 
dip  in  line  voltage  should  occur  during  a firing  pulse,  and  if  it  should  last 
long  enough  to  keep  the  thyristor  from  firing,  a shoot-through  could  result. 

To  minimize  the  possibility  of  s shoot- through,  the  length  of  the  firing  pulse 
is  set  between  250  and  500  msecs.  This  period  is  generally  long  enough  to  ,’et 
the  thyristor  fired  in  spite  of  the  dip.  If  it  does  not  fire,  a later  phas'; 
firing  will  often  regain  control  of  the  current  and  the  system  will  continie 
running.  This  capability  is  improved  by  the  inductance  of  the  s^-'es  reactor 
which  keeps  the  current  from  rising  too  far  before  the  next  filing  pcint 
occurs . 

It  is  necessary  to  know  which  inverter  is  out  of  control  in  th^  event  control 
of  any  single  inverter  is  lost.  Loss  of  control  can  be  determ:  ned  for  a 
particular  inverter  by  noticing  its  collapse  in  voltage.  T^'ia  collapse  in 
voltage  is  entered  into  a computing  network  which  changes  the  signal  balance 
between  the  failed  inverter  and  the  others  in  series  wit’i  it.  This  will  allow 
the  failed  inverter  to  go  to  zero  volts  while  the  bypass  for  that  inverter  is 
switched  into  the  circuit.  The  bypass  diverts  current  item  the  faulted 
inverter  until  control  is  recovered.  The  inverter  can  then  divert  current  out 
of  the  bypass  and  regain  its  previous  position  in  the  teries  inverter  string. 
For  each  combination  of  operating  and  faulted  inverters  in  a string,  a 
particular  program  model  resides  in  the  coaq>uter  to  tike  care  of  any 


20 


SDD-50S 


particular  aituation.  The  coaputer  prograa  aradel  deaignatca  which  iavertera 
are  phaaed  ahead  and  «diich  are  phaaed  back,  how  faat  and  in  what  aequence. 

The  iuitiatiag  aigaal  for  thia  action  ia  bridge  dc  voltage,  auitably  filtered 
and  coaq>ared  to  other  aeriea  bridgea  in  the  atring. 

The  aane  inverter  bridge  voltage  ayateaia,  plua  a current  aignal,  aignifiea 
that  the  entire  atring  of  invertera  have  loot  control.  The  channel  will  be 
partly  abort  circuited  if  thia  continuea.  In  thia  caae,  the  inverter  nuat  be 
aeparated  fron  the  channel  and,  if  the  fault  it  in  the  string  of  3>20  HW 
invertera,  the  systea  will  have  to  be  ahut  down. 

An  eawrgency  shutdown  of  the  inverters  results  in  the  generator  tenporarily 
operating  on  fixed  esMrgency  resistance  loada  for  a BMxiaiun  of  ten  seconds. 
When  this  is  the  case,  the  inverters  are  brought  back  on  line  as  a group  with 
each  sharing  the  resistor  load,  and  with  the  resistor  being  dropped  off  when 
the  inverter  takes  the  load. 

Dynanic  control  of  the  inverter  bridge  groups  is  acconplished  by  feedback 
control  which  adda  or  subtracts  tijae  to  the  firing  signals  in  a awnner 
appropriate  with  auiintaining  constant  voltage  or  current  as  the  control  auiy 
designate.  The  execution  of  this  control  aignal  is  digital  but  the  speed  and 
the  pickiq)  of  the  signal  starts  as  an  analog  signal  of  voltage  and  current 
fron  sone  part  of  the  channel.  This  aignal  is  put  into  the  coaputer  to  give 
the  proper  action  signal. 

Since  it  is  necessary  to  sionitor  the  total  power  produced  by  the  channel  after 
losses,  current  transfonsers  and  potential  transfonaers  are  used  on  the  high 
side  of  the  90  HVA  step-up  transfonser.  In  the  aain  control  room,  the  basic 
data  is  sho%m  in  terais  of  HW  and  HVAR  as  well  as  displaying  the  actual 
voltages  and  currents. 

The  voltages  and  currents  of  the  various  segments  of  the  channel  are  displayed 
and  recorded  in  the  computer  data  bank.  This  information  will  be  held  for  a 
short  time,  then  averaged,  and  then  stored  again.  There  is  both  a visual 
display  of  pertinent  information  and  a stored  data  bank  of  information  on  the 
electrical  system  which  helps  to  diagnose  any  troubles  which  may  occur. 

2. 2.4.2  Diagnostics 

The  inverters  consist  of  series  thyristors  in  each  leg  with  a voltage  safety 
factor  to  prevent  exceeding  the  ratings  on  transients.  Failure  of  any  one 
thyristor  will  not  upset  operation.  Each  module  is  equipped  with  a visual 
indication  of  whether  the  thyristor  has  failed  to  hold  off  voltage  or  not  and, 
also,  an  indication  showing  that  gate  voltage  was  found  at  that  position. 

These  indicators  fit  into  the  visible  fronts  of  the  units  and,  since  they  are 
at  high  voltages  above  ground,  are  not  normally  carried  to  the  control  room. 
These  indicators  will  be  visually  inspected  on  a predetermined  time  schedule 
depending  upon  how  frequently  faults  occur. 
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2. 2. 4. 3 Coaputer  Coatrol  of  Inverter  Systea 

Control  of  the  inverter  tyttea  erleei  through  t.he  tiiM  aodulation  of  firing 
pultei  to  individual  thyrietors  in  the  inverter  bridges.  These  firing  pulses 
originate,  and  are  distributed  froa,  an  inverter  controller  unit  which  is 
located  within  a cabinet  at  an  appropriate  point  inside  the  inverter  building. 
This  unit  does  not  actually  detcraine  inverter  firing  angle  but  instead  simply 
translates  digital  coomand  inforaation  froa  the  central  coaputer  to  (tiae 
delay)  firing  pulses.  The  computer  determines  firing  conssand  and  controls 
inverter  systea  output  on  both  the  individual  inverter  units  and  as  a sua  of 
inverters.  It  controls  the  phasing  of  all  Inverters  as  a group  and  makes 
individual  adjustments  on  each  inverter  bridge  as  needed.  It  provides  a 
regulating  position  for  inverter  control  such  that  generator  voltage  can  be 
adjusted  by  varying  the  load,  or  inverter  current  varies  to  isaintain  a given 
generator  voltage. 

The  computer  acquires,  processes,  tabulates,  and  records  inverter  system  data 
in  addition  to  other  system  paraoteters.  It  provides  information  on  the  output 
of  both  the  inverter  and  turbogenerator  systea  and  monitors  voltage  and 
current  on  a per  phase  basis.  It  senses  faulty  operation  and  provides  a means 
of  initiating  corrective  actions,  including  overload  or  fault  tripping 
sequences  to  operate  breakers  and  turndown  the  generator  in  case  of  such 
faults. 

Power  aieasuring  fuctions  are  available  to  the  cusntral  computer  through  current 
transformers  on  the  34,5  kV  inverter  bus  and  voltage  taps. 

2. 2. 4. 4 Master  Phase  Reference,  Line  Synchronizing 

The  reference  of  line  voltage  phase  is  the  primary  reference  for  the  entire 
output  of  the  Inverter  System.  For  this  reason,  data  from  the  potential 
transformer  is  brought  into  the  conditioning  circuits  and  is  filtered  to  keep 
harmonics  from  making  check  points  come  too  soon  or  too  late.  Part  of  the 
problem  is  to  make  the  circuits  sensitive  to  sudden  changes  of  phase  such  as 
Slight  occur  when  a bank  of  power  factor  capacitors  are  switched  in  or  out  and 
yet  not  lose  continuity  if  a line  voltage  transient  occurs. 

The  system  includes  a reference  oscillator  whose  frequency  can  be  changed 
every  30®  by  a signal  that  combines  the  past  six  crossover  points,  weighs 
them,  and  decides  whether  to  raise  or  lower  the  oscillator  frequency.  Rais^.ng 
the  oscillator  frequency  tends  to  advance  the  phase  of  the  reference  while 
lowering  will  retard  it. 

In  the  event  of  a complete  line  failure  at  the  inverter  34.5  kV  bus,  the 
frequency  signal  will  remain  as  it  was  at  the  instant  of  failure  and  also  will 
be  connected  into  the  power  system  mastet  reference.  With  the  rotating 
generator  on  line,  there  will  be  a voltage  which  will  allow  the  inverter  to 
feed  the  system  when  the  outage  occurs.  In  addition,  there  are  ample  leading 
vars  to  keep  the  system  operating  since  a large  number  of  capacitor  banks  are 
on  line.  If  fuel  can  be  reduced  to  where  the  system  can  be  pt  on  in  order 
to  service  local  loads,  the  system  has  the  capability  to  repair  the  full  load 
as  soon  as  voltage  is  restored.  To  be  able  to  aiatch  this  line  frequency,  the 
local  Inverter  System  will  have  an  input  from  the  line  voltage  at  the  auin 
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incoaing  breeker  bef'^re  the  breaker  la  cloaed.  Under  certain  conditions  this 
line  will  becoae  a reference  which  will  be  switched  with  the  regular  bus 
reference  when  the  breaker  is  closed. 

3.0  SYSTEM  PROTECTION  ASP  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

All  electrical  equipaent  will  be  protected  according  to  good  design  practice 
and  the  NEC. 

The  najor  equipment  operating  limits  and  protective  devices  are  described  and 
included  in  System  Design  Descriptions  noted  in  Sections  1.2  and  2.2.?. 

3.2  H.\ZARDS 

No  special  personnel  hazard?  are  considered  to  exist  in  the  Inverter  System 
beyond  those  normally  observed  in  conjunction  with  electrical  systems. 

The  primary  protection  needed  for  a semiconductor  power  converter  is  voltage 
protection  sir  :e  the  thyristors  have  little  immunity  to  voltage  transients . 

If  a thyristor  breaks  over  in  either  the  f''rward  or  the  reverse  direction  from 
a voltaic  spike,  the  device  is  usually  damaged  beyond  further  use.  Usually 
surh  damage  results  in  a short  circuit  which  may  daatage  other  semiconductors 
in  the  circuit. 

Individual  thyristors  are  partly  protected  at  their  most  sensitive  point  by 
the  use  of  individual  non-linear  resistor  type  surge  arresters.  These  are 
built  into  the  individual  thyristor  modules  in  the  inverter  and  provide  the 
extra  margin  to  keep  the  units  working  after  a severe  line  transient. 

Line  transients  and  transients  dur  to  switching  and  fau'.^  in  the  electrical 
system  are  treated  with  surge  arresters  of  the  usual  type.  These  surge 
arresters  get  rid  of  the  bulk  of  the  traruient  energy  and  make  it  possible  tor 
the  smaller  surge  resistors  to  better  prottict  the  thyristors. 

3.3  PRECAUTIONS 

The  requirements  and  recommendations  for  the  prevention  of  electrical  shock 
have  oeen  included  in  the  system  design  and  must  be  followed  in  the  operation 
of  the  Inverter  System. 

^.0  MODES  OF  operation 

A.l  STARTUP 

The  steps  to  bring  the  chaune]!  to  the  temperature  point  necessary  for  coal 

ignition  are  described  in  Section  2.6.1.  When  the  channel  is  up  to  the  coal 
input  point,  there  is  an  amount  of  heat  going  into  the  turbine  boiler  to 
provide  starting  and  partial  loading  of  the  turbine.  When  the  system  is 
ruDuing  smoothly  in  this  manner,  still  without  electrical  output  from  the 
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channel,  the  inverter  circuits  are  closed  into  the  channel  with  the  inverter 
phased  for  SO  percent  noainal  voltage.  Seed  is  now  introduced  into  the 
channel  with  an  increase  in  fuel.  The  inverters  start  to  pick  up  increasing 
power  as  the  generator  is  brought  to  operating  condition.  The  inverters  are 
phased  back  as  required  to  increase  the  power  extraction.  During  this 
increase  in  HHD  power  level,  the  boiler/turbine  systen  has  been  building  froa 
approxiaately  half  load  to  full  load.  This  process  will  take  10  to  30  ainutes 
to  uccoaplish,  froa  the  point  of  first  taking  power  through  the  inverter. 

At  the  start  of  the  inverting  stage,  the  filter  banks  are  brought  on  line,  one 
at  a tiae.  Following  this,  the  first  of  the  power  factor  correcting  capacitor 
banks  are  brought  on  and,  as  the  current  froa  the  inverters  increases,  the 
remaining  power  factor  correcting  capacitor  banks  are  brought  on  line.  The 
current  angle  in  the  34.5/138  kV  step-up  transforaer  is  the  criteria  for 
bringing  in  aore  corrective  capacitor  banks.  Another  bank  of  30  ttvar  is 
brought  in  as  power  factor  decreases  to  0.8  lagging. 

4.2  NORMAL  OPERATION 

The  inverter  is  at  normal  operation  when  the  channel  has  been  brought  up  to 
full  power  and  the  ac  line  voltage  limits  are  within  ± 5 percent.  The  control 
does  not  have  to  be  in  a closed  loop  r-c  rol  node,  since  aajor  swings  are  not 
anticipated . 

For  long  tera  operation,  closed  loop  is  preferable  to  open  loop  operation. 

When  the  charnel  is  controlled  on  the  ba3is  of  the  overall  dc  voltage 
deliverei  to  the  three  20  MW  inverters,  the  effect  of  an  increase  in  channel 
power  will  be  to  increase  the  real  power  delivered.  An  increase  in  line 
voltage  will  not  change  the  power  delivered  by  the  channel  but  it  will  change 
the  power  factor  by  increasing  the  production  of  lagging  vars. 

Manual  control  has  been  selected  since  a constant  power  line  on  the 
volt/current  curve  is  essentially  tangent  to  the  volt/current  line  of  the 
channel.  The  phase  angle  is  essentially  constant  and  this  tends  to  cut  the 
voltage-current  line  at  right  angles  to  improve  stability  as  shown  on 
Figure  4. 


4.3  SHUTDOWN 

The  inverter  power  level  is  changed  by  either  increasing  or  decreasing  its 
voltage  depending  upon  whether  the  system  is  operating  at  the  peak  power  point 
or  not.  Since  the  inverter  is  set  to  regulate  voltage,  the  voltage  can  be 
kept  at  a particular  value  and  the  fuel  to  the  channel  can  be  reduced.  At 
soae  point  the  cu'crent  will  reach  the  o.inimum  point  at  which  the  channel  is  to 
operate  at  that  voltage.  The  inverter  will  then  have  to  be  phased  forward  to 
keep  froa  losing  load  too  fast.  In  the  aeantiae,  the  turbine  generator  system 
is  also  losing  load.  At  soae  point  near  30  percent  load,  the  seed  and  part  of 
the  fuel  is  reduced  so  that  the  inverter,  though  still  connected  to  the  line 
will  drop  out  of  conduction.  At  this  point  the  fuel  to  the  HHD  generator  is 
reduced  to  produce  a normal  shutdown  of  the  turbine  and  alternator. 
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SPECIAL  OR  INFREQUENT  OPERATION 

4.4.1  Operatioa  With  Failed  20  MW  Inverter 

Three  20  HW  inverteri  are  operated  across  the  29,800  volt  channel  in  series. 

If  any  one  of  these  inverters  fails,  the  bypass  circuit  takes  over  and  the 
inverter  is  brought  back  into  the  string  again  to  take  its  nonsal  role.  If 
one  of  these  inverters  becoaes  dasiaged  so  that  it  will  not  invert,  operation 
will  be  continued  on  the  remaining  inverters. 

Operation  with  only  two  series  inverters  is  not  considered  normal,  but  with 
reduced  voltages,  operation  at  partial  load  can  be  continued.  The  inverters 
have  two  useable  safety  factors  which  will  allow  them  to  take  somewhat  higher 
than  normal  voltage.  A factor  of  1.15  is  used  to  cover  transient  dc  voltage 
operation  for  higher  than  nonsal  channel  voltage. 

Operation  at  77  percent  nominal  voltage  can  be  sustained  with  two  inverters  in 
series.  If  the  current  at  this  point  can  be  brought  to  full  load  current  or 
10  percent  above,  between  77  percent  and  85  percent  power  level  can  be  reached 
on  this  pair  of  inverters  alone.  Since  the  other  inverters  on  the  channel  can 
be  loaded  sosiewhat  aiore  heavily,  it  will  be  possible  to  bring  the  power  level 
up  to  90  percent  or  95  percent. 

There  is  imperfect  cancellation  of  harmonics  when  only  two  of  three  inverters 
are  operating  in  a phased  group.  The  level  of  harmonics  will  rise  to 
approximately  7 to  8 percent  for  the  5th  harmonic  and  the  harmonic  filters 
will  have  to  operate  at  higher  current  levels. 

The  5th  and  7th  harmonic  families  are  reduced  by  utilizing  the  individual 
inverter  phase  shifting  ability  and  adjusting  the  two  inverters  so  that  one  is 
firing  5^  ahead  of  its  normal  point  and  the  other  5^  behind,  or  in  such  a way 
that  the  net  difference  in  firing  point  between  them  is  but  30”  instead  of 
20”.  In  this  circumstance,  the  blocks  of  current  flow  fulfill  the  requirement 
for  cancellation  since  this  is  a current  source  inverter.  The  dc  voltage 
across  the  inverters  change  individually  so  that  one  inverter  takes  more 
voltage  (4  percent)  than  the  mean  voltage,  and  the  other  less.  Tnis  reduces 
the  total  voltage  with  the  same  safety  factor  conditions  as  in  the  unshifted 
case. 

A second  voltage  safety  factor  of  1.2  is  used  for  dynamic  ac  voltage 
transients,  which  compromises  the  ability  of  the  inverter  to  commutate.  This 
safety  factor  could  be  encroached  upon  depending  upon  the  nature  of  the  need 
to  maintain  a higher  output  from  the  system.  The  effect  of  reducing  this 
Biargin  is  to  increase  the  probability  of  being  tripped  off  by  a line  transient 
over  the  normal  probability. 

4.4.2  Operation  With  Failed  4 MW  Inverter  Units 

In  the  string  of  five  300  aoi[..^re  inverters,  there  is  an  ample  safety  factor  to 
allow  the  loss  of  one  inverter  while  continuing  operation. 
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The  four  inverter  string  has  enough  capability  to  sake  up  nearly  the  entire 
voltage. 

In  the  three  inverter  string,  the  problea  of  voltage  capability  is  similar  to 
that  of  the  20  MW  inverters  but  it  is  handled  by  increasing  the  current  in  the 
string  to  hold  the  voltage  down.  Again,  the  harmonics  are  ssiall  becauae  of 
the  small  total  amount  of  power  involved. 

It  is  possible  for  operation  to  continue  when  either  one  or  both  of  the 
800  ampere  loop  parallel  inverters  fail.  If  one  fails,  the  other  inverter  can 
take  the  full  load.  If  both  fail,  the  remaining  generating  loops  have  the 
capacity  to  take  the  excess  current. 

4.4.3  System  Faults 

4.4.3. 1 Inverter  Fault 

There  is  always  the  possibility  of  a shoot-through  simultaneously  on  all 
inverters.  This  might  occur  as  a result  of  a sudden  short  circuit  on  the  ac 
line  which  would  hold  the  line  voltage  down  long  enough  to  cause  a 
shoot-through  in  all  units.  Even  opening  of  a tie  breaker  somewhere  in  the 
system  might  cause  it.  If  this  happens,  there  is  a sudden  loss  of  power  being 
delivered  to  the  power  system.  A short  circuiting  of  the  channel  terminals 
would  result.  The  inverters  are  sized  to  take  this  short  circuit  current  for 
a short  time  after  which  the  bypass  units  come  in.  The  bypass  units  are  sized 
to  take  the  worst  case  generator  short  circuit. 

The  effect  upon  the  channel  itself  of  this  short  circuit  current  is  a 
redistribution  of  losses  within  the  channel  and  a probable  increase  of 
pressure  at  the  end  of  the  channel  and  at  the  inlet  of  the  HR/ SR.  It  is 
necessary  to  monitor  the  channel  pressure  at  this  point  and  provide  a means  to 
avoid  or  absorb  the  excess  energy. 

4. 4. 3. 2 ac  Circuit  Breaker  Trip  and  Failure  to  Reclose 

When  the  system  is  operating  at  full  load  and  for  some  abnormal  reason,  the 
circuit  breaker  opens  on  the  main  inverter  transformer  primary,  the  following 
actions  will  take  place: 

"irst,  the  other  inverters  will  try  to  pick  up  load  if  the  60  MW  inverters  are 
removed.  Probably  this  pickup  of  load  will  be  limited  to  a maximum  of  20  to 
30  percent  more  current  if  the  phasing  is  kept  constant.  The  inverters  should 
be  set  to  phase  back  so  that  they  are  carrying  no  more  than  normal  currents. 

At  the  same  time,  it  is  necessary  to  reduce  the  fuel  and  oxidant  feed  because 
gas  temperature  in  the  HR/SR  will  tend  to  increase.  There  will  also  be  a 
pressure  wave  of  hot  gas  entering  the  HR/SR  as  a result  of  removing  the  back 
pressure  generated  by  the  electrical  output  of  the  generator. 

The  control  system  prevents  the  hot  gas  pressure  wave  from  appearing  at  the 
outlet  of  the  channel  by  immediately  switching  the  channel  output  to  a nearly 
equal  resistive  load  during  the  reduction  of  the  fuel  and  oxidant  input.  The 
loss  of  the  inverting  action  triggers  the  secondary  load  system  very  quickly 
so  that  the  pressure  wave  is  reduced. 
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5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

An  in-house  coaputer  systea  will  aonitor  significant  data  pointa  in  the 
Inverter  Systea  to  parallel  the  autoaatic  controls.  This  will  alert  plant 
operating  personnel  to  any  off-design  perforaance  or  operation.  Periodic 
calibration  and  aaintenance  shall  be  carried  out  on  all  analog  and  digital 
instruaentation  to  verify  coaputer  readout. 

5.2  INSERVICE  INSPECTION 

All  instrunents , controls,  aeters,  protective  equipment,  etc.,  shall  be 
inspected  periodically  during  system  operation  to  ascertain  that  the  subject 
equipment  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Computerized  record  keeping  will  be  instituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  need  periodic  overhaul,  recalibration,  etc., 
depending  on  the  reconaendations  of  the  equipment  manufacturer.  In  general, 
the  part  will  be  replaced  during  planned  shutdown  if  it  is  near  the  end  of  its 
recoaaended  life  cycle. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer’s  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replaceswnt  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  of  recommended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUHCTION  AMD  DESIGN  REQUIREMEHTS 

Thii  docuaent  presenti  a deBcription  of  the  Heating  Ventilating  and  Air 
Conditioning  Syaten  as  depicted  on  attached  Flow  Diagrams  8270-1-721*902*001 
and  8270-1-722-902-001.  The  document  includes  descriptions  of  system  functions, 
interfaces  with  other  systems,  equipment  and  piping  requirements,  design 
criteria,  description  of  components,  operating  modes  and  safety  and 
maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

Functional  requirements  for  winter  heating  are  to  provide  freeze  protection, 
prevent  surface  condensation,  allow  for  maintenance  and  service  during 
production  down-time  and  provide  a comfortable  environment  to  the  occupants. 
Functional  requirements  for  ventilation  are  to  prevent  equipment  overheating, 
dilute  odors  and  provide  effective  temperature  cooling  for  the  workers  in  hot 
work  areas. 

Functional  requirements  for  air  conditioning  are  to  provide  controlled 
environment  for  tesiperature  and  humidity  sensitive  equipment  to  sustain 
equipment  performance  as  well  as  workers'  productivity  and  comfort. 

Major  components  of  the  Heating,  Ventilating  and  Air  Conditioning  (HVAC) 

System  are  as  follows: 

1.  Centrifugal  water  chillers  for  offices,  control  room  and  inverter 
building. 

2.  Centrifugal  water  chillers  for  coal  system  control  building. 

3.  Water  chiller  for  warehouse  offices. 

4.  Exhaust  and  makeup  fans  and  fan  units. 

5.  Steam  and  electric  unit  heaters. 

6.  Package  oil  fired  boiler  for  warehouse  heating  and  hot  water. 

7.  Package  oil  fired  boiler  for  coal  system  control  building  heating  and  hot 
water. 

8.  Perimeter  hot  water  baseboard  heaters. 

9.  Induced  draft  cooling  tower  to  provide  chiller  condensers  heat  rejection. 

10.  Air  cooled  condensers  for  chiller  units. 

11.  Condensate  return  units  for  pumping  condensate  to  auxiliary  system 
deaerator. 

12.  Steam-hot  water  converters,  hot  water  storage  tanks,  heating  hot  water 
coils  and  condensate  drain  tanks  with  pumps  for  pumping  condensate  to 
iiuxiiiary  system  deaerator. 
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1.2  SYSTEM  INTERFACES 

Major  lysteaif  which  interface  with  the  HVAC  Syiteai  are  at  follows: 

1.  Auxiliary  Steaa  Systea 

2.  Fuel  Oil  Systea 

3.  Electrical 

1.3  DESIGN  CRITERIA 

Design  criteria  include  buildings  winter  heat  losses,  building  solar  heat 
gain,  buildings  heat  losses  and  gain  due  to  infiltration,  buildings  heat  gain 
due  to  internal  heat  loads  froa  equipment  and  people. 

Design  criteria  also  include  fluid  flow  requireaents,  pressure  tesiperature 
ratings  and  limits  >to  be  used  in  the  selection  of  equipment  and  coisponents . 

Design  criteria  also  include  noise  abatement  and  control,  air  filtration  and 
purification. 

Engineering  design  criteria  for  all  disciplines  is  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  goverxusental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 


1.  American  Boiler  Manufacturers  Association  (ABMA) 

2.  Air  Conditioning  Contractors  of  America  (ACCA) 

3.  Air  Diffusion  Council  (ADC) 

4.  American  Foundrymen's  Society  (AFS) 

5.  American  Gas  Association  (AGA) 

6.  American  Insurance  Association  (AIA) 

7.  American  Industrial  Hygiene  Association  (AIHA) 

8.  Association  of  Home  Appliance  Manufacturers  (AHAM) 

9.  Air  Movement  and  Control  Association  (AMCA) 

10.  American  National  Standards  Institute  (ANSI) 

11.  Air-Conditioning  and  Refrigeration  Institute  (ARI) 

12.  Acoustical  Society  of  American  (ASA) 

13.  Aswrican  Society  of  Heating,  Refrigerating  and  Air-Conditioning 

Engineers,  Inc.  (ASHRAE) 

14.  American  Society  of  Mechanical  Engineers  (ASME) 

15.  AsMrican  Society  for  Testing  and  Materials  (ASTM) 

16.  Building  Officials  and  Code  Administrators  International,  Inc.  (BOCA) 

17.  Compressed  Air  and  Gas  Institute  (CAGI) 

18.  Cooling  Tower  Institute  (CTI) 

19.  Expansion  Joint  Manufacturers  Association,  Inc.  (EJMA) 
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20.  Heat  Exchaoge  Inititute  (HEI) 

21.  Hydraulic  Inatitute  (HI) 

22.  Hydronics  Inatitute  (HYDI) 

23.  Inatitute  of  Boiler  and  Radiator  Hanufacturcra  (IBR) 

24.  International  Conference  of  Building  Officiala  (ICBO) 

25.  Mechanical  Contractora  Aaaociation  of  Aaerica  (NCAA) 

26.  National  Enviromaental  Balancing  Bureau  (NEBB) 

27.  National  Bureau  of  Standarda  (NBS) 

28.  National  Electrical  Hanufactnrera  Aaaociation  (NEHA) 

29.  National  Fire  Protection  Aaaociation  (NFPA) 

30.  National  Sanitation  Foundation  (NSF) 

31.  Society  of  Autoaotive  Engineera  (SAE) 

32.  Southern  Building  Code  Congreaa  International  (SBCC) 

33.  Sheet  Metal  and  Air  Conditioning  Contractora'  National  Aaaoc.  (SHACNA) 

34.  Tubular  Exchanger  Manufacturera  Aaaociation » Inc.  (TEHA) 

35.  Underwriter' a Laboratoriea , Inc.  (UL) 

36.  Manufacturera  Standardization  Society  (MSS) 


1.3.2  Deaign  Paraaetera 

Deaign  paraaetera  for  ateaa  line  velocity  is  liaited  to  1,000  fpn  per  inch  of 
internal  diaaeter.  Deaign  velocities  for  chilled  water  aains  are  liaited  to 
8 fpa.  Branch  lines  velocities  are  liaited  to  6 fps.  Design  velocities  for 
hot  water  service  lines  are  liaited  to  6 fps.  Conditioned  air  duct  pressure 
losses  are  liaited  to  0.15"/100  ft.  All  equipment  deaign  paraaetera  are  in 
acr-'rdance  with  Section  1.3.^,  "Codes  and  Standards". 

2.0  DESIGN  DESCRIPTION 

The  Auxiliary  Steaa  Systea  will  supply  steaa  used  for  plant  heating.  The 
supply  systea  consists  of  insulated  piping,  valves,  controls,  and  interface 
coaponents.  Chilled  water  used  for  cooling  of  offices,  control  rooas,  and 
power  inverters  is  circulated  through  a system  consisting  of  insulated  piping, 
valves,  controls  and  interface  coaq>onents.  Hot  water  for  heating  is  obtained 
froB  steaa  hot  water  convectors.  The  major  equipment  coaq>onents  are  noted  in 
Section  1.1  and  1 2. 

2.1  SUMMARY  DESCRIPTION 

Auxiliary  steam  at  approximately  30  psig  and  temperature  between  300®F-330®F 
is  used  for  plant  steam  and  hot  water  heating.  The  auxiliary  steam  will  be 
supplied  from  the  cycle  with  supplementary  backup  provided  by  auxiliary, 
oil-fired  boilers.  SuppIeoMntary  oil-fired  package  boilers  are  provided  for 
the  coal  control  building  and  warehouse.  Steaa  unit  heaters  are  individually 
controlled . 

Computer  room  air  conditioning  units  are  provided  with  duct  reheat  coils  and 
steam  hjaidifiers  for  temperature  and  humidity  control. 

Chilled  water  units  are  controlled  by  load  demand  from  aaxiania  capacity  down 
to  20  percent  of  their  capacity. 
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Air  coaditionlQg  units  ere  controlled  for  qusntity,  quality,  temperature  and 
buaidity  of  supplied  air,  and  space  sound  criteria  levels. 

Electric  unit  heaters  are  individually  controlled. 

Ventilation  fans  for  equipnent  cooling  are  tberBostatically  controlled. 

Ventilation  fans  in  potentially  hazardous  areas  are  intended  to  run 
continuously.  Backup  fans  are  provided  in  the  event  of  operating  fan  failure. 

Ventilation  fans  iu  buildings  requiring  general  ventilation  or  spot  coding 
are  nanually  controlled. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaient 

Major  equipment  listing  including  tabulation  of  HVAC  data  is  included  in 
Table  2'1.  (Final  adjustaieats  will  be  made  to  this  table  as  the  design 
progresses. ) 

The  package  boilers  for  coal  system  control  building  and  warehouse  are  of  the 
fire  tube  scotch  marine  type,  low  pressure  steam,  in  accordance  with 
Section  IV  (heating  boilers)  of  ASHE  Code,  with  combination  water  column,  pump 
control  and  low  pressure  cutoff,  operating  and  firing  control  limits,  enameled 
steel  jacket  with  mineral  fiber  insulation,  steam  safety  relief  valves, 
flanged  flue  outlet,  control  cabinet,  forced  draft  oil  burner,  steel  skid 
base,  fire  tubes,  furnace  tube,  steam  disengaging  area,  rear  combustion 
chamber  and  access  doors. 

Air  handling  units  used  for  office  air  conditioning  and  power  inverters 
cooling  consist  of  modulating  return,  exhaust  and  outside  air  dampers,  return 
air  fan  for  an  economizer  cycle,  disposable  prefilters  or  inertial  separator 
filters,  95  percent  high  efficienr  permanent  filters,  air  foil  supply  fans, 
associated  ductwork,  hot  and  chilled  water  coils,  steam  preheat  coil,  steam 
humidifier,  contiols  for  temperature,  humidity,  stati*:  pressure,  fire  and 
smoke  detection.  In  addition,  variable  volume  units  include  fan  static  limit 
features  and  control. 

Ventilation  fans  used  for  heat  removal,  spot  cooling  and  dilution  ventilation 
are  either  centrifugal,  propeller,  axial,  power  roof  ventilators  or  tubular, 
depending  on  specific  requirements  and  physical  availability.  Some  fans  have 
reversible  flow  capability  for  versatility  and  effectiveness. 

Fans  in  unattended  area  are  thermostatvcally  "step"  tesiperature  controlled. 
Wall  fans  with  motorized  wall  louvers  are  interlocked  to  operate  only  when  the 
louvers  are  open.  Wa?l  reversible  fans  are  arranged  for  outside  air  intake  on 
the  windward  side  *nd  exhaust  on  the  leeward  side. 

Fans  in  areas  of  exposure  to  coal,  isethane  and  hydrogen  gases  arc  explosion 
proof  and  run  continuously.  Chlorine  storage  acid  gas  ventilation  is  also 
continuous  and  located  on  low  side  of  the  wall. 
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Iteas  Barked  with  (*)  are  building  heating/ac  self-contained  units;  otherwise  heating/ac  is 
provided  froa  central  systea. 
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Outside  air  (oskeup  units  or  fans  are  equipped  with  inertial  separators. 
Buildings  with  heat  generating  equipswnt  have  high  outside  and  inside  air 
intake  sK>dulating  daapers  to  reclaia  building  heat  for  heating  lower  portions 
of  the  building. 

Steam  and  electric  unit  heaters  are  self-contained  with  its  own  built-in 
thermostats  to  work  independently.  In  addition,  each  unit  is  equipped  with 
manual  override  so  unit  fans  may  run  continuously  if  required  to  provide  air 
circulation. 

The  central  chiller  is  of  the  centrifugal  type,  complete  with  compressor, 
srators,  evaporator,  tower  condenser,  lubrication  system  and  integral  control 
system  to  operate  between  20  percent  and  full  capacity  loads,  including 
protective  devices  for  high  tesiperature,  low  temperature,  lube  oil  pressure 
and  bearing  overheating. 

Air  cooled  package  chillers  are  complete  as  described  above  including  heavy 
duty  condenser  cooling  fans  and  bypass  for  close  evaporator  teoqierature 
control . 

The  cooling  tower  is  of  the  induced  draft  type,  constructed  of  corrugated 
glass  reinforced  polyester,  or  other  noncorrosive  materials,  field  assembled 
with  adjustable  pitch  blade  propeller  type  fans  and  structural  framework  to 
withstand  30  lb. /sq.ft,  wind  pressure  on  any  projected  area. 

Chilled  and  hot  water  pumps  are  centrifugal,  single  stage,  with  casing  and 
seals  suitable  for  a hydrostatic  test  pressure  of  twice  the  working  pressure, 
complete  with  flexible  coupling  and  mechanical  shaft  seals  with  shaft  sleeves. 
Casings  are  cast  iron,  per  ASTH  A-48.  Impellers  are  bronze  per  ASTM  B-143. 
Shafts  are  carbon  steel,  per  ASTM  A-576,  GR  1045  with  bronze  or  stainless 
steel  shaft  sleeves. 

2.2.2  Piping  and  Valves 

All  piping  design  is  in  accordance  with  ANSI  B31.1.  Steam  horizontal  lines 
are  to  be  sloped  downward  one  inch  in  30  feet  in  the  direction  of  flow.  Drip 
legs  with  steam  traps  are  installed  at  the  end  of  each  run.  Piping  materials 
are  as  follows: 


Service 

Size 

Material 

Steam 

2*'  and  smaller 

XS,  ASTM  A106  GR.  B 

Steam 

2-1/2"  and  larger 

Std.  wt.  ASTM  A106,  GR  B 

Hot  and 
Chilled  Water 

2"  and  smaller 

Std.  wt. , ASTM  A-53 

Hot  and 

2-1/2"  and  larger 

Std.  wt.  ASTM  A-53  stl. 

Chilled  Water 
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Valves  uied  for  heatiog,  ventilating  and  air  conditioning  service  co^>ly  with, 
but  are  not  limited  to,  the  latest  editions  of  MSS  and  ANSI  B16.10  standards. 

2.2.3  Electrical 

Boiler  accessories  and  all  other  HVAC  equipsMnt  are  designed  for  480  volt,  3 
phase,  60  Hz  power  supplied  froa  control  centers.  InstrusMntation  and 
controls  are  operated  by  120v.  1 phase,  60  Hz  which  is  coordinated  with  the 
instrusMntation  power  sources. 

2.2.4  Instruaents,  Controls  and  Alarsis 

Boilers  for  coal  aysten  control  building  and  warehouse  are  furnished  with 
control  packages  froa  the  aanufacturers.  Controls  include  stack  teaiperature 
with  high  and  low  alaras,  aaount  of  fuel  oil  used,  steaa  and  condensate 
tesq>eratures , steaa  and  condensate  aetering,  puap  control,  low  pressure  cut 
off,  operating  and  firing  control  liaits,  and  forceJ  draft  oil  burner  control. 

Chiller  units  are  provided  with  an  integral  control  panel  and  controls 
furnished  by  the  aanufacturer,  requiring  120  volt,  l>phate,  60  Hz  electrical 
power  and  20  psig  instrustent  air  supply.  Alaras  are  provided  for  unit  high 
refrigerant  teaiperature,  refrigerant  low  tea^erature,  oil  pressure  and 
bearings  overheating. 

Controls  for  air  conditioning  units,  terminals,  unit  heaters,  fans  and  air 
aakeup  units  will  be  furnished  to  meet  conditions  as  described  in  Section  2.1. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Protective  devices  are  included  with  the  unit  to  trip  a chiller  in  the  event 
of  high  temperature,  low  temperature,  low  oil  pressure  and  bearings 
overheating.  Safety  relief  valves  for  refrigerant  and  air  release  tank  over 
pressure  are  also  included. 

Boiler  protective  steam  safety  relief  valves  and  other  cutoff  controls  are 
described  in  Sections  2.2.1  and  2.2.4. 

No  additional  protective  devices  are  required. 

3.2  HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  operation  of 
boilers  and  any  heating,  ventilating  or  air  conditioning  units  or  systems, 
beyond  those  normally  observed  in  conjunction  with  high  temperature  and 
40  psig  steam  piping. 

3.3  PRECAUTIONS 

In  areas  of  vital  operations,  such  as  control  rooms,  power  inverters,  battery 
rooms  and  sewage  treatment  plant,  duplicate  standby  units  are  provided  for 
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contlDuous  uninterrupted  operation.  Eaergenqr  heaters  are  provided  in  all 
plant  buildings  to  prevent  freezing  and  enable  personnel  to  coafortably 
perfoni  Mintenance  and  service  work. 

4.0  MODES  OF  OPEFATION  ^ 

4.1  STARTUP 

Startup  of  steasi  boilers  to  be  in  accordance  with  nanufacturer's  operating 
■anual  and  instructions. 

General  building  ventilation  fans  are  individually  started  as  required. 

Starting  of  the  main  chiller  unit  requires  establishing  of  water  flow  through 
its  evaporator  and  condenser  sections. 

Ventilation  and  heating  of  unattended  buildings  housing  production  equipment 
are  automatically  controlled  by  space  thermostats. 

Steam  unit  heaters  are  operated  by  built-in  thermostats.  Main  steam  line 
valves  are  manually  opened  whenever  heating  is  required. 

Air  conditioning  units/variable  volume  terminals  are  controlled  from  space 
thermostats  and  humidistats.  Perimeter  hot  water  baseboard  heaters  are 
controlled  from  their  own  built-in  thermostats. 

4.2  NORMAL  OPERATION 

No  special  action  is  required  for  boilers  or  any  heating,  ventilating,  air 
conditioning  or  chillers  during  normal  operation. 

4.3  SHUTDOWN 

Equipotent  will  shutdown  automatically  or  manually  as  required. 

Draining  of  water  and  steam  lines  will  be  required  for  seasonal  or  maintenance 
shutdowns. 


4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Special  or  infrequent  operation  of  boilers  or  any  HVAC  system  x ' not  expected. 
Emergency  and  backup  equipment  is  provided  in  critical  areas. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Apart  from  local  readouts,  no  special  surveilance  or  monitoring  is  required 
with  any  of  the  units.  Local  condition  instruments  indicate  operability  and 
status  of  any  of  the  units. 
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«ad  air  conditioning  aervice  cooqtly  with, 

but  are  not  limi^ted  to,  the  la  teat  cditiona  of  Had  and  ANSI  B16.10  atandards. 
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makeup  units  will  be  furnished  to  meet  conditions  as  described  in  Section  2.1. 

A complete  file  of  instruction  books  is  available  at  the  plant  to  guide  the 

Sp^ant 
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^ppesent  ^^^^^)^^^fcf¥crhaul  or  replacement  of  the  equipment,  or  services 
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No  additional  protective  devices  are  required. 


3 . 2 HAZARDS 

No  special  personnel  huzards  are  considered  to  exist  in  the  operation  of 
boilers  and  any  heating,  ventilating  or  air  conditioning  units  or  systems, 
beyond  those  normally  observed  in  conjunction  with  high  temperature  and 
40  psig  steam  piping. 

3.3  PRECAUTIONS 

In  areas  of  vital  operations,  such  as  control  rooms,  power  inverters,  battery 
rooms  and  sewage  treatment  plant,  duplicate  standby  units  are  provided  for 
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1.0  FUNCTION  AW)  DESIGN  REQUIREWEMTS 

This  docuaent  presents  a description  of  the  bottoaing  cycle  power  distribution 
froa  the  plsnt  switchyard  to  the  ac  power  bus  systea  as  shown  on  Drawing  No.'s 
8270-1-802*206-*001 , -002  and  -003.  Included  are  descriptions  of  the 
electrical  distribution  systea  design  requireaents,  equipaent  locations  and 
operating  aodes. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  bottoaing  cycle  electrical  power  systea  functions  are  to:  Deliver 

generated  power  froa  the  Engineering  Test  Facility  (ETF)  to  the  138  kV 
substation  and  utility  grid;  distribute  power  froa  the  138  kV  substation 
through  the  ETF  bus  systea  to  all  auxiliary  bottoaing  and  topping  cycle 
systeas  for  startup,  noraal  running,  and  shutdown  conditions;  supply  eaergency 
power  on  loss  of  noraal  power  for  all  plant  critical  loads  to  have  an  orderly 
eaergency  shutdown;  and  provide  an  uninterruptible  power  supply  for  essential 
coaputer,  instruaent,  and  control  circuits. 

1.2  SYSTEM  INTERFACES 

A 138  kV  substation  ring  bus  is  provided  to  act  as  an  interface  to  connect  the 
topping  cycle  34.5  kV  inverter  bus  breaker  and  atep-up  transforaer  to  the 
bottoming  cycle  turbine  generator  (TG)  22  kV  isolated  phase  bus  through  its 
unit  connected  step-up  transformer.  In  addition,  two  station  service 
step-down  transformers  are  tied  to  the  ring  bus;  one  for  HHD,  and  the  other 
for  TG  loads.  These  two  transformers  provide  4.16  kV  power  to  buses  for 
in-plant  power  distribution.  The  138  kV  substation  ring  bus  also  interfaces 
with  two  utility  company  138  kV  lines  providing  redundant  channels  for  all 
incoming  and  outgoing  power. 

1.3  DESIGN  CRITERIA 

The  bottoming  cycle  incorporates  a steam  turbine  driven,  3,600  rpm,  two  pole, 

3 phase,  22,000  volt  wye  connected,  45  psig  hydrogen  cooled  synchronous 
generator,  capable  of  continuous  operation  at  rated  capacity  of  128  MV, 

160  mVA,  at  0.8  P.F.  The  generator  is  capable  of  accepting  load  change  rates 
of  3 HV  per  minute  from  3 percent  to  100  percent  load  or  a step  change  from 
100  percent  to  3 percent  without  tripping  the  turbine. 

1.3.1  Codes  and  Standards 

The  generator,  power  transformers,  4.16  kV  metal  clad  switchgear,  480  V load 
centers,  4.16  kV  siedium  voltage  motor  starters,  480  V motor  control  centers, 

4 kV  and  460  V motors,  power  distribution  panels,  uninterruptible  power 
supplies,  cable  and  other  plant  miscellaneous  equipoient  meet  the  requirements 
of  the  following  applicable  codes  and  standards: 

1.  American  National  Standard  Institute  (ANSI) 

2.  Institute  of  Electrical  and  Electronic  Engineers  (IEEE) 

3.  InstrusMnt  Society  of  America  (ISA) 
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4.  National  Electrical  Code  (NEC) 

5.  National  Electrical  Manufacturers  Association  (NEMA) 

6.  Occupational  Safety  and  Health  Adninistration  (OSHA) 

7.  Natioq.%1  Fire  Protection  Association  (NFPA) 

8.  Insulated  Power  Cable  Engineering  Association  (IPCEA) 

1.3.2  Design  Paraaetera 

The  following  paraaeters  have  been  included  in  the  Electrical  Systea  design: 

1.  Provision  to  supply  redundant  off-site  power  for  aaxiaua  reliability 
during  startup,  shutdown,  and  loss  of  one  utility  line. 

2.  Backup  station  service  transforaer  capacity  to  supply  the  total  ETF 
auxiliary  power  requireaent  in  the  event  of  a failure  in  one  of  the 
station  service  transforaers. 


3.  Provision  for  starting  large  aotors  so  starting  voltage  drop  will  not  be 
reflected  through  the  whole  plant  distribution  systea. 

4.  An  auxiliary  power  source  coaplete  with  autoaatic  synchronizing  to  keep 
all  critical  loads  running  in  the  event  of  loss  of  power  to  the  plant 
auxiliary  loads. 


5.  An  uninterruptible  power  source  for  all  critical  coaputer, 
instrusMntation,  and  control  systeas. 

6.  A aanual  and  automatic  system  for  synchronizing  the  T6  with  the  utility 
grid  from  the  main  control  room. 


7 .  A coordinated  selective  trip  protective  relay  systea  that  is  capable  of 
isolating  and  interrupting  faults  at  all  voltage  levels  with  a ainiaum 
disturbance  to  the  distribution  system. 


2.0  DESIGN  DESCRIPTION 

2.1  SUMMARY  DESCRIPTION 


The  ETF  bottoming  cycle  electrical  generation  and  auxiliary  plant  distribution 
system  is  completely  dependent  on  the  exhaust  energy  from  the  topping  cycle 
for  generation  ability.  During  the  startup  and  shutdown  cycle  when  there  is 
insufficient  steam  to  run  the  TG,  power  is  taken  from  the  utility  grid  through 
the  138  kV  substation  and  station  service  transforaers.  This  power  is 
distributed  as  required,  through  all  auxiliary  distribution  systea  buses  at 
various  voltage  levels  to  the  topping  and  bottoaing  cycle  equipaent.  When 
steam  is  available  the  TG  is  started  and  synchronized  with  the  utility  systea. 
The  generator  is  then  capable  of  supplying  the  plant  auxiliary  power  and 
sending  the  remaining  power  to  the  utility  138  kV  grid  systea.  The  channel 
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will  now  be  putting  out  Mximia  power  through  the  inverter  ttep-up  traniforaer 
to  the  138  kV  aubitation  ring  but.  Since  the  inverters  are  line  connutated, 
the  output  of  the  aain  inverter  atep-up  tranafonaer  will  always  be 
aynchroniaed  with  the  TG  atep-up  tranafonaer  at  the  138  kV  ring  bua. 

Four  900  kW  conbustion  turbine  generators  have  been  provided  on  a critical 
4.16  kV  bua  to  aupply  auxiliary  power  if  auxiliary  power  is  lost  froa  the 
138  kV  ring  bus.  When  power  ia  lost  on  the  4.16  kV  critical  bua,  these 
generators  will  autoaatically  start  and  synchronixe,  thus  supplying  power  to 
all  critical  plant  auxiliaries  at  the  4.16  kV  and  480  V level  that  are 
required  to  effect  an  orderly  plant  shutdown. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaent 

2. 2. 1.1  138  kV  Switchyard  Equipaent 

The  switchyard  is  located  on  the  east  side  of  the  plant  adjacent  to  the 
34.5  kV  inverter  bus  and  step-up  transforaer  (see  Drawing 

No.  8270-1-210-007-001).  The  switchyard  has  a 138  kV  ring  bus  with  six  138  kV 
lines  connecting  into  the  ring  bus  as  follows: 

1.  Two  138  kV  utility  company  lines  each  originating  at  different 
substations  in  the  utility  grid. 

2.  Two  ETF  138  kV  power  output  lines,  one  from  the  inverter  step-up 
transformer  and  the  other  from  the  TG  step-up  transformer. 

3.  Two  lines  for  auxiliary  power  flowing  into  the  ETF  facility  (see  Drawing 
No.’s  8270-1-802-206-001  and  -002). 

The  ring  bus  is  composed  of  six  outdoor  circuit  breakers  (independent  tank, 
three  pole,  145  kV,  maximum  2,000A)  and  twelve  manual  outdoor  disconnect 
switches  (gang  operated,  3 pole,  center  pivot,  double  break,  145  kV  maximum, 
2,000A).  Each  of  the  six  lines  terminate  between  two  disconnect  switches  and 
breakers.  The  breaker  will  be  used  to  disconnect  the  line  in  the  event  of  a 
fault.  The  disconnect  switches,  one  on  either  side  of  each  breaker,  make  it 
possible  to  isolate  any  breaker  in  the  ring  for  maintenance  while  keeping  the 
ring  bus  energized  with  the  facility  in  operation. 

Motor  operated  138  kV  disconnect  switches  are  provided  in  each  of  the  138  kV 
overhead  lines  connecting  into  the  ring  bus.  These  are  used  for  isolating  a 
line  when  the  ring  bus  breaker  for  the  line  has  been  reclosed.  These 
disconnects  along  with  the  ring  bus  breaker  are  controlled  by  switches  located 
on  the  main  control  room  panels. 

2.2. 1.2  Main  Inverter  Step-Up  Transformer 

One  of  the  138  kV  overhead  lines,  from  a motor  operated  disconnect  switch  at 
the  south  west  side  of  the  ring  bus,  is  connected  to  the  HHD  cycle  inverter 
step-up  transformer.  This  transformer  (90/120  MVA,  34. S - 138  kV,  delta  wye. 
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S5*C)  h«t  its  34.5  kV  winding  connected  to  the  inverter  output  bus  (See 
Drawing  No.'s  8270-1-210-007-001  and  8270-1-802-206-001).  The  transfonaer 
supplies  the  total  NHD  cycle  power  output  and  also  synchronises  the  MHD  cycle 
with  the  utility  138  kV  system. 

2. 2. 1.3  Turbine  Generator  Step-Up  TransforsMr 

A second  ETF  overhead  138  kV  line,  from  a orator  operated  disconnect  switch  at 
the  northwest  corner  of  the  ring  bus,  is  connected  to  the  TG  step-up 
transformer.  This  transformer  is  rated  120/160  NVA,  22-138  kV,  delta-wye, 
S5/65”C.  An  isolated  phase  bus  rated  5,000A  25  kV,  leaves  the  TG  building  and 
connects  to  the  22  kV  winding  of  the  TG  step-up  transformer  located  in  the 
yard.  All  power  generated  in  the  TG  cycle  passes  through  this  transformer  and 
is  synchronized  with  the  138  kV  switchyard  ring  bus  through  the  two  breakers 
on  either  side  of  the  TG  transformer  line  connection. 

2.2. 1.4  Turbine  Generator  (TG) 

This  generator  (160  HVA,  128  MW,  0.8  P.F.,  22  kV,  @ 3,600  rpm)  has  a static 
excitation  system  with  equipment  mounted  in  separate  metal  cubicles.  All  six 
ends  of  the  generator's  three  windings  exit  from  the  base  of  the  generator 
housing.  The  three  output  leads  connect  to  the  step-up  transformer  isolated 
phase  bus,  and  the  three  neutral  ends  of  the  windings  are  connected  to  one 
side  of  the  primary  winding  of  a 15,000-240  V ac  single  phase  distribution 
transformer.  The  other  end  of  the  primary  winding  is  grounded.  A resistor 
connected  across  the  240  V ac  secondary  provides  high  resistance  grounding  for 
the  generator  and  limits  the  ground  current  to  approximately  5 amps.  All 
generator  synchronizing,  governor  control,  voltage  regulator  control  and  other 
generator  control  switches  are  located  on  panels  in  the  main  control  room. 

2.2. 1.5  Oxidant  Compressor  Transformer  and  Motor 

One  of  the  switchyard  138  kV  motor  operated  disconnect  switches  supplies  an 
overhead  line  connected  to  the  oxidant  compressor  transformer  (15/20/25  mVA, 
138-4.16  kV,  55°C).  The  secondary  of  the  transformer  is  connected  by  the 
3,000A,  5 kV  non-segregated  bus  duct  to  two  oxidant  compressor  breakers 
(4.16  kV,  350  HVA).  One  of  the  two  breakers  supplies  the  oxidant  conipressor 
induction  motor  (20,000  hp  1,800  rpm).  The  second  breaker,  which  is 
interlocked  with  the  oxidant  cosipressor  breaker,  allows  the  oxidant  compressor 
transformer  to  be  used  as  a replacement  transformer  for  the  MHD  station 
service  transformer  when  it  is  not  supplying  the  oxidant  compressor  motor  (see 
Drawing  No.  8270-1-802-206-002). 

The  15/20/25  MVA  oxidant  compressor  transformer  has  been  selected  with  a 
6 percent  impedance.  With  this  transformer  impedance  and  10,000  MVA  short 
circuit  level  on  the  138  kV  utility  system,  the  motor  must  be  Code  E to  limit 
the  starting  voltage  drop  to  approximately  30  percent.  With  70  percent 
voltage  at  the  motor  terminals  for  starting,  the  srator  will  have  50  percent 
torque.  The  motor  is  on  an  isolated  bus  so  that  the  reduced  voltage  will  not 
effect  the  rest  of  the  ETF  distribution  system  when  starting.  The  motor 
driven  oxidant  compressor  is  primarily  for  startup  and  shutdown.  During 
normal  plant  operation,  it  is  replaced  by  steam  turbine  driven  compressors, 
and  is  on  standby. 
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2. 2. 1.6  MHD  and  T6  Station  Service  Tranifocaera 

The  priaary  windings  of  the  MHD  and  TG  station  service  transfonsers  are 
supplied  through  two  138  kV  overhead  lines  originating  at  two  138  kV  ring  bus 
Botor  operated  disconnect  switches.  Each  transforaer  is  rated  15/20/25  HVA, 
138-4.16  kV,  delta-«rye,  55°C.  The  secondary  winding  of  each  transforaer  is 
connected  to  its  respective  4.16  kV,  350  HVA  breaker  by  the  non-segregated  5 
kV,  4,000  A bus  duct. 

2.2. 1.7  Main  MHD  and  TG  4.16  kV  Metal  Clad  Switchgear 

The  nain  HHD  and  TG  4.16  kV  350  aVA  metal  clad  switchgear  has  two  buses,  A and 
B.  One  is  for  MHD  loads  and  the  other  for  TG  loads,  with  a normally  open  bus 
tie  breaker  between  them.  The  switchgear  supplies  all  the  auxiliary  power  for 
the  ETF  through  10  feeder  breakers  on  its  buses.  All  breakers  ore  stored 
energy,  electrically  operated,  drawout  type,  with  350  MVA  interrupting 
capacity.  Either  the  HHD  or  the  TG  station  service  transforaer  can  supply  the 
total  ETF  auxiliary  load  with  the  4.16  kV  bus  tie  breaker  closed  if  one 
transforaer  should  fail.  Under  normal  operating  conditions  a normally  closed 
feeder  breaker  on  MHD  bus  A will  supply  critical  4.16  kV  switchgear  bus  C. 

2. 2. 1.8  Critical  4.16  kV  Metal  Clad  Switchgear 

This  4.16  kV  switchgear  is  located  in  the  TG  building  on  the  basement  floor. 
All  ETF  critical  loads  at  the  4.16  kV  and  480  V level  receive  power  from  this 
bus.  In  the  event  that  normal  power  is  lost  to  this  bus  *'C",  four  900  kW,  0.8 
P.F.  4.16  kV,  3 phase,  60  Hz  emergency  combustion  turbine  generators  will 
automatically  start  and  synchronize  to  the  bus.  Each  combustion  turbine  is 
equipped  with  a 125  V dc  battery,  charger  and  125  V dc  cranking  motor  for 
startup. 

2.2. 1.9  Medium  Voltage  4.16  kV  Starters 

Full  voltage,  non- reversing,  high  interrupting,  current  limiting,  fused 
drawout,  air  break  contactor,  4.16  kV  starters  are  provided  for  all  ETF 
Biotors  250  hp  and  larger.  Four  rows  of  starters  are  provided  in  the  ETF.  The 
MHD  4.16  kV  starter  bus  starter  row  is  located  in  the  Coal  Preparation 
Building  basement  and  is  supplied  power  from  4.16  kV  switchgear  breaker  lA  on 
MHD  switchgear  bus  ''A".  The  TG  4.16  kV  starter  bus  starter  row  is  located  in 
the  TG  building  basement  and  receives  power  from  4.16  kV  switchgear  breaker  4B 
on  TG  switchgear  bus  "B".  The  critical  4.16  kV  starter  bus  1 starter  row  is 
also  located  in  the  TG  building  basement  and  critical  4.16  kV  starter  bus  2 
starter  row  is  located  in  the  HR/SR  Building  basement.  These  two  starter  rows 
receive  their  power  from  4.16  kV  critical  bus  C switchgear  feeder  breakers  3C 
and  5C. 

2.2.1.10  480V  Load  Center  - 1 

The  480  V load  center  is  double  ended.  A transformer  (1,500  kVA  4,160  - 480  V, 
delta-wye,  SO^C) , is  close  coupled  to  bus  A and  bus  B of  the  load  center,  with 
a normally  open  bus  tie  breaker  connecting  the  two  buses.  If  either 
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transfoner  it  loit,  the  but  tie  breaker  can  be  cloaed  to  supply  the  two  buses 
through  the  reoMining  transforsMr  without  any  load  reduction  (see  Drawing  No. 
8270> 1-802-206-003). 

The  breakers  are  all  electrically  operated,  stored  energy,  static  trip  type. 
All  load  feeder  breakers  are  current  lisiiting,  fuse  type  that  lisiit  fault 
currents  to  a level  which  siotor  control  center  breakers  can  interrupt.  Each 
feeder  breaker  in  the  480V  load  center  supplies  power  to  the  SMin  bus  of  a 
■otor  control  center  located  in  the  area  of  the  Botors  it  serves.  The  notor 
loads  listed  under  the  buses  on  the  480V  one  line  diagraai  (See  Drawing  No. 
8270-1-802-206-063)  represent  individual  notor  starters  aounted  in  each  SK>tor 
control  center.  All  notors  200  hp  and  smaller  are  assigned  to  the  480V 
systeai. 


2.2.1.11  480V  Cooling  Tower  Load  Center 

The  cooling  tower  load  center  is  single  ended  with  a close  coupled  transfonser 
(2,000  kVA  4,160  - 480V  delta-wye,  IIS^C,  AA  dry  type).  It  receives  power  from 
4.16  kV  switchgear  breaker  3B.  Two  punp  house  notor  control  centers  are 
serviced  by  this  load  center. 

2.2.1.12  Coal  Managenent  Load  Center  and  4.16  kV  Starter 

Power  is  supplied  to  this  single  ended  480V  load  center  fron  4.16  kV 
switchgear  breaker  7B,  with  a close  coupled  transfonser  (1,000  kVA 
4,160  - 480V  delta-wye  55/65®C). 

One  4.16  kV  fused  current  limiting  starter  is  located  with  the  480V  load 
center.  The  4.16  kV  full  voltage  non-reversing  starter  receives  its  power 
from  the  4.16  kV  primary  cable  supplying  the  480V  load  center  transformer. 

2.2.1.13  Thaw  Shed  480V  Load  Centers  1,  2,  3 and  4 

Thaw  Shed  Load  Centers  1 and  2 receive  power  from  4.16  kV  switchgear  breaker 
5B.  Thaw  Shed  Load  Centers  3 and  4 are  supplied  power  by  4.16  kV  switchgear 
breaker  6.  The  four  load  centers  are  located  in  the  Coal  System  Control 
Building.  The  load  centers  are  all  single  end  with  close  coupled  transformers 
(2,000  kVA  4,160  - 480V  Delta-wye,  55/65®C).  Each  load  center  has  five  feeder 
breakers,  each  supplying  power  to  a 350  kW  power  distribution  panel  and  its 
infrared  beating  load. 

This  is  a large  block  of  power  which  is  used  upon  arrival  of  coal  trains 
during  sub-zero  weather. 

2.2.1.14  Critical  480V  Load  Center 

The  load  center  is  .ocated  in  the  coal  preparation  building  near  the  loads  it 
supplies.  Critical  bus  4.16  kV  switchgear  breaker  4C  supplies  power  to  the 
load  center  transformer.  This  load  center  is  single  ended  with  a close 
coupled  transformer  (1,000  kVA,  4,160  - 480V,  delta-vrye,  115®C,  AA  dry  type). 
One  breaker  in  this  load  center  supplies  power  to  a critical  service  480V  3 
phase,  3 wire  power  distribution  panel.  This  distribution  panel  provides  480V 
3 phase  power  to  two  uninterruptible  power  supplies. 
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2.2.1.15  Uninterruptible  Pover  Supply  Syeteae 

Two  uninterruptible  power  supply  systens  (UPS)  ere  provided  for  the  ETF.  One 
systea  will  supply  power  to  the  inverter  coaputer  control  systea  end 
electricsl  control  systea  and  the  other  UPS  will  provide  power  for  a second 
coaq>uter  with  vital  instruaentation  and  control  systeas.  Each  UPS  systea  is 
capable  of  supplying  a 35  kVA,  120/208  V 3 phase  4 wire  load  through  a 3 phase 
4 wire  aolded  case  power  distribution  panel.  Each  UPS  systea  has  a 60  cell> 
125  V dc  battery  and  redundant  battery  chargers  and  inverters.  A static 
bypass  switch  with  voltage  regulated  bypass  transforaer  is  provided  for  each 
UPS. 


2.2.1.16  Plant  dc  Systea  Equipaent 

A 125V  dc,  60  cell,  lead  calciua  b.ctery  rated  at  1,000  aapere-hours , is  the 
source  of  power  for  this  systea.  A aain  dc  power  panel  and  three  dc 
distribution  panels  are  required  to  distribute  the  dc  power  through  the  ETF. 
This  power  is  used  for  125V  dc  control  and  indication  on  all  the  4.16  kV  and 
480V  switchgear  breakers.  Larger  blocks  of  dc  power  are  used  during  startup 
and  shutdown.  The  battery  is  provided  with  a 3 phase,  480V  battery  charger. 

2.2.2  Instruments,  Controls  and  Alaras 

2.2.2. 1 Controls  and  Alaras 

Main  control  room  panels  have  a idinic  bus  diagraa  showing  the  complete 
electrical  distribution  systems  from  the  substation  138kV  ring  bus  down 
through  the  4.l6kV  metal  clad  switchgear  and  480V  load  center  breakers.  The 
aiaic  bus  also  includes  all  HHD  cycle  34.5kV  and  6kV  breakers  and  disconnect 
switches.  Control  switches  and  or  status  indicating  lights  are  located  on  the 
aiaic  bus  for  their  respective  breakers  and  disconnect  switches.  Symbols  are 
used  for  transformers  and  generators.  This  gives  the  operator  a complete 
diagram  of  the  system  with  status  of  all  breakers  and  disconnect  switches  in 
the  generation  and  distribution  systeas. 

Ail  TG  synchronizing  switches,  metering,  generator  voltage  regulator  and 
turbine  governor  control  equipment  are  located  on  these  panels.  Metering 
includes  ammeters,  volt  meters,  watt  meters,  var  meters,  and  power  factor 
meters,  receiving  input  from  current  and  potential  transformers  in  their 
respective  circuit.  Control  and  statu?  information  is  also  provided  for  all 
vital  4.l6kV  and  480V  motors. 

Annunciators  are  located  in  the  control  room  to  visually  and/or  audibly  alarm 
all  critical  functions  in  the  HHD  and  steam  cycle  systems. 

2. 2. 2. 2 Instrument  Systems  and  Controls 

Instrumentation  for  the  MHD-ETF  facility  is  electronic,  utilizing  a 
distributed  control  type  signal  transmission  system,  except  in  those  cases 
where  alternate  methods  are  more  suitable  for  functional  or  ambient 
considerations.  The  distributed  control  systea  esq>loys  multiplexing  of  remote 
signals  to  reduce  the  number  of  signal  cables  required  in  the  plant. 
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Critical  control  functions  are  hard  wired  in  a conventional  Manner  for  syaten 
reliability  and  to  ensure  an  orderly  shutdown  in  the  event  of  Multiplex  systen 
failure.  ReaMining  functiona  are  controlled  through  a plantwide  distributed 
control  systen  providing  an  uncluttered  nain  control  roon  layout  using  a 
Cathode  Ray  Tube  (CRT)  operator  console. 

Local  control  panels  are  provided  in  various  areas  of  the  plant  where  local 
control  is  desirable  (air  separation  unit,  coal  preparation,  etc).  In  all 
instances,  local  controllers  are  provided  where  needed,  or  the  individual 
systesM  can  be  operated  directly  fron  the  nain  control  roon. 

Distributed  control  systens  readily  lend  thenselves  to  conputer  interface 
since  systen  signals  are  available  on  the  interconnect  Multiplex  systen.  The 
conputer  equipaient  is  connected  to  the  Multiplex  system  output  and  the 
computer  can  then  interact  with  the  operators  and  instriiaents  in  the  system. 

A host  conputer  is  provided  for  the  purpose  of  guiding  the  operator  or 
directly  influencing  the  plant  systems.  The  computer  is  capable  of  the 
following: 

1.  Performing  calculations  to  evaluate  present  heat  rates,  plant 
efficiencies,  etc. 

2.  Selecting  parameters  to  be  altered  which  will  most  effectively  improve 
plant  operation. 

3.  Providing  guidance  for  sequences  and  ramp  rates  to  simplify  operator 
procedures  during  startup  and  transients. 

A.  Generating  predictive  feed  forward  signals  for  portions  of  the  plant  such 
as  the  air  separation  unit  where  lead  tine  on  load  changes,  etc.,  can  be 
beneficial . 

All  annunciators,  digital  and  analog  instrumentation,  and  the  host  computer 
are  powered  from  the  uninterruptible  power  supply. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

A full  coBiplement  of  protective  relaying  including  overcurrent,  transformer 
differential,  bus  differential,  generator  differential,  voltage,  frequency  and 
power  directional  relays  are  provided  for  overall  system  protection.  All 
notor  starters  are  provided  with  overload  and  under  voltage  protection.  Large 
notors  are  provided  with  a combination  of  embedded  thermocouples,  time 
overcurrent,  and  differential  relays  to  detect  overcurrent  in  the  windings. 

3.2  HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  electrical 
distribution  system.  The  equipaient  is  standard  coiamercially  available 
electrical  equipment  that  is  in  use  in  any  standard  power  plant. 
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3.3  PRECAUTIONS 

Special  precautions  are  taken  at  the  reaote  coal  handling  area  aa  required  by 
the  National  Electric  Safety  Code  and  National  Electric  Code  for  Claaa  I, 
Division  1,  Group  D and  Class  II,  Division  1,  Group  F locations. 

4.0  MODES  OF  OPERATION 

4.1  SfARTUP  SEQUENCE 

When  the  plant  is  started,  the  status  indicating  lights  for  the  sMnually 
operated  disconnect  switches  on  either  side  of  the  six  ring  bus  breakers 
indicate  the  switches  are  closed.  All  breaker  indicating  lights  indicate  the 
breakers  are  open  (see  Drawing  No.  8270-l*802-‘206-001) . If  all  suinually 
operated  disconnect  switches  are  not  closed,  an  operator  nust  be  tent  out  to 
the  switchyard  to  close  then.  These  switches  are  only  opened  during  breaker 
■aintenance.  All  138  kV  sK>tor  operated  switches  are  closed.  The  breakers  on 
either  side  of  the  turbine  generator  160  MVA  step-up  transfoner  ring  bus 
connection  aiust  resMin  in  the  open  position.  These  are  the  output  breakers 
for  the  turbine  generator.  The  ring  bus  breakers  are  closed  one  at  a tine, 
holding  the  breaker  control  switch  in  the  closed  position  until  the  red 
"closed  indication"  light  comes  on.  The  closing  of  these  breakers  is 
supervised  by  an  auto  synchronizing  check  relay. 

The  priBury  of  all  five  main  plant  transformers  are  then  energized.  The  main 
secondary  breakers  on  the  inverter  step-up  transformer,  HKD  station  service 
and  TG  station  service  transformers  are  closed.  This  energizes  the  34.5  kV 
inverter  bus,  4.16  kV  main  metal  clad  switchgear  HHD  bus  A and  TG  bus  B. 
Energizing  the  34.5  kV  bus  energizes  the  firing  control  potential  transformers 
(PT's)  circuit  (see  Drawing  No.  8270-1-802-206-002).  Feeder  breaker  3A  on 
4.16  kV  HHD  bus  A is  then  closed  to  energize  the  4.16  kV  critical  bus 
switchgear.  All  four  feeder  breakers  to  the  4.16  kV  motor  starter  buses  are 
closed.  The  primary  4.16  kV  feeder  breakers  to  all  480  V load  center 
transformers  are  closed  along  with  their  maic  secondary  breakers. 

Following  the  above,  all  plant  auxiliary  loads  can  be  started  as  required  for 
the  HHD  cycle  startup.  When  steam  is  available  from  the  HHD  cycle,  the 
turbine  generator  can  be  brought  up  to  rated  speed  and  the  generator 
synchronized  to  the  138  kV  ring  bus  utility  line  across  one  of  the  138  kV 
generator  output  breakers.  The  last  generator  output  breaker  may  be  closed 
without  sychronizing,  since  the  generator  is  now  connected  to  the  138  kV 
system. 

The  TG  cycle  is  now  supplying  power  to  ring  bus,  with  part  of  the  power  going 
to  the  ETF  auxiliaries  through  the  HHD  station  service  and  TG  station  service 
transformers. 

4.2  NORHAL  OPERA  i ON 

Normal  operation  consists  of  monitoring  all  control  and  annunciator  alarm 
points,  meters  and  recorders  to  ensure  that  equipment  is  functioning  as 
required.  In  the  event  of  loss  of  a pump  or  fan,  etc.,  the  operator  must 
ensure  that  the  standby  unit  is  started  autosMtically  or  manually. 
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4.3  SHUTDOWN 

The  auxiliary  load  of  the  plant  is  reduced  at  a rate  compatible  with  the  MHD 
cycle  channel  thennal  requirestents.  As  the  steam  generated  by  the  MHD  cycle 
is  reduced » the  TG  load  must  be  similarly  reduced.  When  it  is  reduced  to 
zero,  both  138  kV  generator  output  breakers  are  opened.  Then,  auxiliary 
power  required  for  final  shutdown  is  supplied  from  the  utility  lines. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Once  a month  the  four  emergency  900  kW  0.8  PF  combustion  turbine  generators 
should  be  started  simultaneously,  and  automatically  synchronized  to  the 
critical  4.16  kV  bus.  A simulated  drop  in  frequency  signal  is  used  to  start 
the  combustion  turbines  for  test.  This  is  done  to  ensure  that  the  system  will 
operate  if  there  is  an  emergency  loss  of  power  to  the  two  15/20/25  MVA  station 
service  transformers. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

All  electrical  equipment  is  monitored  by  protective  relaying,  temperature 
sensing  devices,  etc.  These  devices  provide  audible  and  visual  alarm  through 
an  annunciator  system  in  the  main  control  room. 

5.2  INSERVICE  INSPECTION 

All  meters,  controls,  instruments,  contactors,  releys,  status  lights,  etc., 
shall  be  inspected  periodically  during  system  operation  to  ensure  that  the 
equipment  is  operating  properly. 

5 . 3 PREVENTATIVE  MAINTENANCE 

A regular  program  of  meggering  and/or  Hi-potting  power  cables,  motor  windings, 
transformer  windings,  etc.,  to  establish  a history  record  from  the  day  the 
v'quipment  is  installed  should  be  established.  This  will  provide  indications 
oi  possible  failure  trends  in  the  equipment.  All  transformers  and  other 
equipment  containing  insulating  oil  shall  have  oil  samples  taken  and  analyzed 
for  dissolved  hydrocarbons,  moisture  and  other  impurities.  All  electrical 
equipment  shall  be  maintained  as  recommended  by  the  manufacturer. 

5.4  CORRECTIVE  MAINTEN/'iCE 
5.4.1  Manufacturer's  Instructions 

A complete  file  of  manufacturers'  instruction  books  on  all  electrical 
equipment  are  kept  on  file  and  made  available  to  plant  maintenance  personnel. 
Manufacturers'  service  engineers  are  available  to  supervise  or  perform  complex 
service  tasks  or  those  requiring  special  equipruent. 
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5.4.2  Spare  Part  Inventonf 


A rtcoaaeDded  list  of  spare  parts  is  provided  by  the  Moufacturer  for  each 
piece  of  electrical  equipaient.  Critical  coaplex  parts  requirlaf  lead 
tiae  for  delivery  are  nonsally  included  in  the  plant  inventory. 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
ELECTRICAL 
APPENDIX  “A” 
REFERENCE  DOCUMENTS 


REFERENCE  DOCUMENTS  - ATTACHED 


Electrical  One-Line  Diagram  Primary  Power 
Electrical  One-Line  Diagram  4160V  Power 
Electrical  One-Line  Diagram  480V  Power 

REFERENCE  DOCUMENTS  - NOT  ATTACHED 
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■ “ DRAFT  FAN 200HP 

AUX.  STEAM  SYS.  MISC. 8HP 
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ROTARY  CAR  Dumper  rotation  or. sohp 

• ■ ■ CLAMPER  OR lOHP 

• - SHAKER  DRIVE 25HP 

CONVEYOR  BELT  DRIVES  3A43B 60HP 

vibrating  FEEDERS  4A  4 4B lOHP 

COAL  BELT  CONV  DRIVE  I 20H 

BELT  CONVEYOR  DRIVES  4A  44B 400H 

COAL  CRUSHER  VIBR  FEEDERS  I 42 lOH 

• ■ 142  200HP 

BELT  CONVEYOR  DRIVES  5A  4 SB 290HP 

PULV.  MILLS  SCREW  CONV  OR. I50HP 

: BAGHSE.  HORIZ.  SCREW  CONV.  OR'S.  A4B- lOOHP 
1 • VERT  • ...  .-lOOW 

I,  MOT  OPCR.  rotary  FDR'S  1-6  12  HP 

TOTAL  CONN.  -1397  HP 
TOTAL  RUNNING  — 747  HP 
TOTAL  RUN. KVA  - 747KVA 


300  HP 
COAL  BELT 
C'^NV  DR.  2 
RUN.  270  KVA 
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THAW  SHED  LOCTR.  4 
TRANSF.  2000  KVA 
4160  -480  V 
OA-  SV6S*C 
5.7Sy.  Z 


8270-1-802-206-001 -ONE  LINE  DIAGRAM- 
PRIMARY  POWER 
6270-1-802-206-002- ONE  LINE  OtAGRAM- 
4160  V POWER 
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I 3000  A 


480  V BUS  3 


I.THAWSHEO  SECTION  3-POWER  OIST. 

PANELS  I THRU  5 I 7S0  KW 

TOTAL  CONN.  4 RUNNING -1 750  KW 


460  V BUS  4 


THAW  SHED  SECTION  4- POWER  DIST. 

PANELS  I THRU  5 1750  KW 

TOTAL  CONN.  4 RUNNING  -I7S0  KW 
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